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ANEURYSM OF THE CORONARY ARTERIES"" 

MAURICE PACKARD, MD 

AKD 

H F WECHSLER, MD 

NEW YORK 

Although the coronary arteries are so frequently involved in the 
general diseases of the vascular system, aneurysm is an extreme rant} 
In the 116 years that have elapsed since Bougon’^ (1812) reported the 
first case, after a careful search of the literature we have been able to 
collect only thirty-one examples of this condition — and at least two of 
these are extremely doubtful This total does not include cases of 
periarteritis nodosa, a disease entit}'- first described by Kussmaul and 
Maier^ m 1866 The multiple beadhke aneurysms of the coronary^ 
arteries, w^hich are frequently present m this disease, are only part of a 
widespread involvement of the medium sized vessels throughout the 
body and are best considered from that standpoint 

Few attempts have been made to collect the scattered case reports and 
to analyze them critically The most elaborate of these are Crisp “ 
(1871), eleven cases, Capps ^ (1899), nineteen cases, and Griffith^ 
(1901), twenty-four cases Their tables, however, are incomplete and 
contain data for many cases in which there were no aneurysm of the 
coronary arter}’- For the sake of future workers m this field, it might 
be well to point out these errors In the cases of Ward ° and Stevenson " 
and m the specimen at St Bartholomew's Museum ® the aneury'sms 
were of the sinus of Valsalva That of Bristow e® and the one listed 
m the St Thomas’ Museum Catalogue and reported by Pow^elP are 
cases of penarteritis nodosa In the case of Clark the rupture of a 
coronary artery was not the seat of an aneur} sm, and Shrady’s report 

* Submitted for publication, Aug 16, 1928 

* From the Medical Service of the Gouverneur Hospital 

1 Bougon Biblioth med 37 183, 1812 

2 Kussmaul and Maier Deutsche Arch f klin Med 1 484, 1865-1866 

3 Crisp Tr Path Soc London 22 106, 1871 

4 Capps J A M Sc 118 312 1899 

5 Griffith Brit M J , 1901, p 266 

6 Ward Tr Path Soc London 8 134, 1857 

7 Stevenson, quoted by Crisp (footnote 3), p 33 

8 Bristowe Tr Path Soc London 7 98, 1856 

9 Powell, Reynolds System of Medicine, New York, The Macmillan Com- 
pany, 1879, vol 5, p 133 

10 Clark New York M J 8 384, 1860 

11 Shrady New York M Press 3.225, 1860 
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IS merely an abstract of Clark’s case Wiegand reported one case of 
aneurysmal dilatation of the ascending aorta, assoaated with coronary 
sclerosis Griffith ° referred to the report of a second case m the 
St Bartholomew Hospital Repoits for 1871, but we have been unable 
to discover any mention of it in that journal He also listed two cases 
by Dr Chadwick of Leeds, who “remembers having heard of them — one 
in the practice of one of his colleagues and the other in or about the 
hospital ” For obvious reasons, these have not been included in our 
tables 

Eppinger,^® who is not listed by either Capps or Gnffith, described 
tv o cases, one of Avhich is definitely periarteritis nodosa He also men- 
tioned a case recorded by Thompson The latter exhibited multiple 
aneury'sms on the basis of an acute endocarditis, none of which, however, 
involved the coronary arteries Baly’s case of thrombosis of the 
coronary artery was also excluded by Griffith 

Because of the meager descriptions of the heart and especially of 
the other organs of the body, and of the lack of adequate microscopic 
study in many of the cases reported, it has been impossible to decide on 
the exclusion of a few cases retained in our tables The condition in 
two cases, particularly (Clarke^® and Heuse^O> in all probability 
periarteritis nodosa In addition, several other cases, such as those 
reported b}'- Gee and Malet and Evans,^® are puzzling and unique 
The data for two cases (Malmsten^® and HerezeH^) were unavailable 

ETIOLOGIC FACTORS 

Sc^ — Coronary aneury'-sm is almost three times as common in males 
as m females In the twenty-five cases in which the sex was mentioned, 
eighteen were males and seven females 

Age — Information concerning age is given in twenty-three cases in 
this series The youngest patient was 5 and the oldest 77 years of age 
One patient (Bougon) is described as being old As can be seen from 
table 1, there is not a marked predilection for any decade 

Tiauma — In only’' three cases is indirect trauma considered as a 
possible etiologic factor Peacock’s -- patient was a lifter of great 

12 Wiegand Med Convers Blatt 1 217, 1830 

13 Eppinger Arch f klm Chir 35 1, 1887 

14 Thompson M Times & Gaz 2 56, 1877 

15 Bah Pathol Tr 3 264, 1850-1852 

16 Clarke Pathol Tr 47 24, 1896 

17 Heuse Bull Acad roj' de med de Belg 15 492, 1856 

18 Gee St Bartholomew Hosp Rep 7 148, 1871 

19 Malet and E\ans Lancet 2 67, 1887 

20 Malmsten Aorten-Aneurjsmens Etiologie, Stockholm, 1888 

21 Herczcl Or\osi heti szemle 36 149, 1904 

22, Peacock Tr Path Soc. London 1 227, 1846-1848 , 9 592, 1849 
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weights , the patient in Crisp s " case suffered a prolonged submersion in 
water and a fall from a scaffold , while Fraenkel’s patient sustained 
wounds in the arm and head and severe shock 

Chrome Caj'diovascular Disease — Seven patients ga\e a liistor} of 
rheumatic fever and one of rheumatic pains Only three patients, 
including our own, exhibited a syphilitic meso-aortitis One patient had 
had scarlatinal nephritis, one generalized arteriosclerosis and one cardiac 
disease 


SYMPTOMATOLOGY, PHYSICAL SIGNS AND DIAGNOSIS 

There are not any typical symptoms referable to the aneur} sm itself 
In fact, in many cases there were apparently no complaints, or the} 
were unknown at the time of the sudden death of the patient, either in 
the street or after such exertion as coitus 

Exclusive of a few unusual cases, the symptoms, when present, fall 
into two distinct groups (1) There is a history of rheumatic fever 


Table 1 — Incidence of Aneniysm of ihe Cotonancs According io the 

Age of the Patient 


Age 

0 to 10 
10 to 20 
20 to SO 
so to 40 
40 to 50 
50 to 60 
60 to 70 
70 to 80 


Number 

2 

3 

4 

5 
2 
1 
4 
2 


With or without longstanding chronic valvular disease, and also the 
symptoms of an acute or subacute bacterial endocarditis, (2) the S}mp- 
toms are those either of angina pectoris or of m} ocardial degeneration 
on a coronary basis 

In Ruge’s case, there was an acute osteomyelitis of the femur with 
pyemia, while m the case reported by Malet and Evans,^^ the only s}mp- 
toms were thirst and polyuria The patient in Capps ^ second case had 
a hemiparesis, numbness and tingling m the feet and convulsions, prob- 
ably due to a coincident syphilis of the central ner^’ous system Gee’s 
case, a child, aged 7, had a scarlatinal dropsy and died of an mtercurrent 
pneumonia with meningitis 

Sudden death is common and is practically alva}S due to rupture of 
the aneur}^sm Gradual heart failure is the cause of death in the others 

Physical Observations —Th&ve is nothing characteristic about the 
physical signs to differentiate the condition They depend entire!} on 

23 Fraenkel Deutsche med Wchnschr 43 159, 1917 

24 Ruge Deutsche Ztschr f Chir 80 150, 1905 
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the underlying pathologic changes — ^acute and subacute bacterial endo- 
carditis and coronary disease — and the degree of cardiac decompensation 

A pathognomonic sign has not been described in the few cases 
actually observed at the time of rupture 

Diagnosis — From the foregoing, it is obvious that an antemortem 
diagnosis of coronary aneurysm is impossible, and it was not mentioned 
as a possibilit}’’ in any of the cases in our series 

PATHOLOGIC OBSERVATIONS 

The site of the aneurysm is stated in twenty-seven cases The left 
coionary artery is the one most commonly affected, and in the vast 
majority, it is single Multiple aneurysms were present in only six 
cases The actual sites were as follows left coronary, seventeen , right 
coronary, six, both coronaries, four The bilateral cases include the 
doubtful ones of Heuse^' and Clarke^® and the unclassifiable one of 
Gee When the aneurysm is single, it is practically always situated 
immediately beyond the coronary onfice within the first inch of its 
course The others, including the multiple aneurysms, are usually found 
at the points of division of the artery 

The aneurysms vary in size from that of a pea to that of a pigeon’s 
egg The largest was descnbed by Martland as being 6 cm in 
diameter 

Rupture occurred in fourteen, or in nearly 50 per cent of the cases 
in our senes As described by Vestberg,^® the eneurysm bursts first into 
the undefended or periaortic space, and then into the pericardial sac 
In two cases (Sommer,-" Wmdholz^®), the perforation was into 
the conus arteriosus of the pulmonary artery 

Disregarding the few unique cases, the aneurysms themselves can be 
divided into two classes (1) mycotic-embolic and (2) arteriosclerotic 

Mycotic-Emhohc Aneurysm — ^This term implies the synergistic 
action of two factois — the embolus itself and the mycosis or infection — 
and must be differentiated, on the one hand, from the pure mycotic 
aneur^’^sm, of which we have an example in our series (Ruge), and on 
the other, from the pure embolic aneurysm, such as a calcareous plaque 

Although as early as 1851, Koch®® and, after him, several others,®^ 
described the association of an aneuiysm of a terminal artery with an 

25 Martland Proc New York Path Soc 17 34, 1917 

26 Vestberg Nord med Ark 7 1, 1897 

27 Sommer Frankfurt Ztschr f Path 5 98, 1910 

28 Windholz Centralbl f allg Pathol u path Anat 3 7 385, 1926 

29 Libman Proc New York Path Soc 5 88, 1905 

30 Koch, L Inaug Diss Erlangen, 1851 

31 Tufnell Dublin Quart J M Sc 15 371, 1853 Waterman West M T 
2 584, 1867 
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acute endocai ditis of the aoitic valve, Ponfick ■*' is usuall) ci edited vith 
being the fiist to lecognize the connection between the endocauhal 
vegetations and the peiipheial aneuiysms He behe\ed that they weic 
caused by embolic calcified vegetations In 1864, however. Ogle--' 
definitely attiibuted the aneui}sms piesent in his case to emboli fiom 
an aoitic endocarditis The inflammatory natuie of the lesion ■was fiist 
established by Eppingei in his exhaustive suive} of the subject Since 
that time, although many similai cases have been reported, they are not 
common, being only compai atively fiequent in the subacute and chronic 
ulceiative foims of endocai ditis The incidence of aneuiysm in the 
latter conditions can be gatheied fiom the statistics of Lubaisch'” In 
137 cases of subacute bacteiial endocai ditis and the lecunent chronic 
neciotizing foim, he found embolic aneui}sms in 10 2 pei cent The 
coionaiy aiteries escaped entiiely In a laige collection of cases the 
superior mesenteiic aiteiy was the vessel most commonl)’ affected 

In our senes, theie aie seven cases (Bougon,^ Ogle7^ Eppingei,^'' 
Gnffith® [cases 1 and 2], Henke,^^ Lublin which definite!} belong 
111 this categoiy Tollei’s^" case piobably belongs to this gioup, but 
unfoitunately the condition of the heart valves is not mentioned In 
thiee cases ( Peacock, “ Capps ^ [case 2], Windholz -®), a healed chionic 
endocai ditis was found, and the question naturally piesents itself as 
to the possible etiologic significance of the acute stage of the process 
After caieful examination, we aie inclined to place these cases in the 
ai teriosclei otic gi oup 

Of the seven unquestionable cases, only one w^as multiple and bilat- 
eial The aveiage age of the patients was 27 Rupture occuired in 
two cases (Ogle, Henke) 

Depending on the stage of the piocess, the wall of the aneur}sm is 
composed of vaiying amounts of lelatively lecent fibious tissue, lem- 
nants of elastic fibeis and moie or less smooth muscle belonging to the 
media At the entiance to the aneuiysm, the intima and elastica cease 
abiuptty and, at times, the ends of the latter have a cuiled appeal ance 
Occasionally, a hyaline thiombus is found adheient to the floor Accord- 
ing to the completeness of the lupture, hemorihage is present either in 
the adventitia or in the suiiounding tissues The wall is infiltiated with 
polymoiphonuclear leukoevtes and lound cells Plasma cells and endo- 
thelioid cells that contain blood pigment aie often piesent Stieptococci 
or staphylococci aie the usual caiisatne bacteiia 

32 Ponfick Virchows Arch f path Anat 58 528, 1873 

33 Ogle St George’s Hosp Rep 2 285, 1867 

34 Henke and Lubarsch Handb d spez path anat u histol 2 710, 1924 

35 Henke Centralbl f allg Pathol u patli Anat 21 1003 1910 

36 Lublin Centralbl f Herzkrankh u Gefasskrankh 12 171, 1920 

37 Toller St Thomas’ Hosp Rep , Lond 31 357, 1904 
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ARCHIVES or INTERNAL MEDICINE 


Eppingei belie\ed that the m)’-cotic embolus produced an acute 
inflammation ot the intima at the point in which it came to rest and 
then spiead to the adventitia by way of the vasa vasorum From both 
these areas, the media next became in\olved, finally with a luptuie of 
the intei nal elastic lamina On the other hand, Benda claimed that 
the process was an ulcerative endarteritis that invaded the media befoie 
leaching the adventitia In all probability, both methods of progression 
can occur Experimentally, the choice of loute is apparent^ dependent 
on the vnulence of the inflammation,^® the subacute following the 
desciiption of Eppingei ’s and the acute following those of Benda 

A) to losclc) otic Aiieui ysms — We have classified the remaining cases 
undei this heading foi want of a better term and, in that, the only thing 
they have in common is an arteriosclerosis of the coronary aiteries In 
Mew of the extiemely high incidence of coronary scleiosis and the 
lant} of aneuiysm, this can haidly be conceived as being the only factor 
in\olved in their production Again, it is the geneial consensus of 
opinion among pathologists that the etiologic impoitance of arterio- 
sclerosis in the formation of aneurysms has been much ovenated A 
similai situation exists with regard to aneuiysms of the ceiebial arteries 

It seems to us, however, that the length of time in which a severe 
sclerosis has existed must not be ovei looked in a consideiation of this 
problem That coionaiy scleiosis can commence at an early age — even 
in childhood — is geneially conceded^® Monckeberg found arterio- 
scleiotic foci in 40 per cent of soldieis between the ages of 18 and 20 
It IS also well known that suffereis from seveie coionaiy sclerosis die 
iMtlun a lelativelv short time from myomalacia, angina pectoiis or 
coionai) thiombosis Many mvestigatoi s, however, such as Gross, 
Obei helman and Le Count and Spalteholz, have shown that the coronary 
\ essels ai e not end arteries and that anastomoses may exist between the 
various branches Dependent on the richness of the preexistent 
anastamoses and the slowness of piogression of the sclerosis, an 
ad\anced degiee of the lattei can be reached and still be compatible with 
veil being In fact as occuired in one of our patients, a rupture of the 
heait Itself took place without a previous history of morbiditv Given 
a se^ere scleiosis with maiked degeneration and atiophy of the media 
plus a long peiiod of increased intia\asculai tension it is interesting to 
speculate whether an aneuiysm can develop slowlv The left 

38 Benda Ergcbn d allg Pathol u path Anat 8 196, 1902 

39 Klotz Bnt Al J 1 1767 1906 AlcAIeans J AI Research 32 388, 1915 
Riche\ do AV G , and Alaclachlan, W W G AF cotic Embolic Aneurysms of 
Peripheral Arteries, Arch Int Aled 29 131 (Tan ) 1922 

40 AA lener AAhen khn AA''chnschr 19 725, 1906 AA^'iesel ibid 19 723 1906 

41 Alonckebcrg Centralbl f Herzkrankh ii Gefasskrankh 8 2, 1916 
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coronal y piepondeiance and the situation of the ancur}sin llnmedIale]^ 
beyond the oiifice aie in agi cement with this point of Mew 

Including oui own, we have placed twelve cases in this group 
(Peste,'*" Peacock, Wood,"’^ Buchnei,*' Cusp,” Capps ' [cases 1 and 2], 
Winkler,'*’ Soinmei,*' Martland,”' Windholz and Packaid) Of these 
the condition involved the left coionaiy aiteiy in nine, the light coronan 
aiteiy in two, and in one, the site was not stated In one case 
(Windholz), the left coionaiy aiteiy w'as the scat of two aneuiysms 
Rupture had taken place in seven cases — five into the pericaidial sac 
and two into the pulinonaiy aiteiy The aveiage age w^as 57 

In the vast majoiity of cases, the coionary aileiy oi aiteiics w'cre 
described as being model ately oi maikedl} toituous and calcified 
When the data aie fuimshed, the wall of the aneurysm either is 
extiemely thin and exhibits iiiegulai hyaline deposits oi is made iigid 
by scatteied calcaieous plaques 

In the few cases in wdnch a histologic examination of tlie aneuiysm 
was made, the usual pictuie of an advanced aitenoscleiosis w’as found 
Pure Mycotic Aneurysms — The pathologic piocesses m this type 
aie practically identical with those of the mycotic-embohc aneurysms 
that have been desciibed Ruge lepoited a case of coionaiy aneurysm m 
a boy with a pyemia lesulting fiom an osteomyelitis of the femur d he 
heait chambeis, the valves and the pulmonary veins w^eie noimal, and 
there was no communication betw^een the light and the left sections of 
the heart 

Traumatic Anew ysms — Dnect tiauma is a lare cause of aneunsm 
111 othei aitenes in the liod}^ As is to be expected fiom then anatomic 
position, theie is no example of it in oui senes Whethci indirect 
trauma can pioduce a teai in the intima of the coionaiy and a subse- 
quent aneurysm is a moot question Fiaenkel consideied his case as 
being of this nature The aneurysm and the lumen of the coionaix 
weie filled with a led thrombus, and an aneuiysmal bulging of the left 
ventiicle was also piesent 

REPORT or C\SE 

Histoiy — I S, a Jew% aged 60, a tailor, W'as admitted to the Goiucrnciir 
Hospital on Nov 18, 1927 For the past tw'o years, he had suffered with indiges- 
tion — occasional attacks of pain and distress in the epigastrium associated with 
nausea On the morning of admission, he had had a tjpical anginal attack which 
how^ever, had passed off by the time the ambulance arrived Examination rc\calcd 

42 Peste Arch gen de med 2 472, 1843 

43 Wood New York M J 8 384, 1860 

44 Buchner Aneurysma der Artcria coronana cordis sinistra, Amsterdam 
C G Vander Post, 1867 

45 Winkler Verhandl d deutsch path Gesellscli 12 195, 1908 
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nothing but the presence of an inguinal hernia He was brought to the hospital, 
and a few minutes later, the house phjsician found him dead m the admitting room 
Autopsy — At autopsj, the pericardial sac was distended and contained about 
350 cc of fluid and clotted blood The heart was enlarged, weighed 390 Gm and 
measured IS by 12 b 3 ’^ 8 cm The epicardial fat was somewhat increased in amount 
Both \ entricles were dilated, the right more so than the left The left ventricular 
wall measured from 1 4 to 1 8 cm m thickness and the right from 04 to 0 6 cm 
The muscle was j^ellowish brown in color 

The mitral ring measured 12, the aortic 8 4, the tricuspid 14 and the pulmonary 
8 cm in circumference Except for the dilatation of the mitral, tricuspid and 
pulmonar}' rings the valves were grossly normal 



The mtinia of the ascending aorta, near its origin, and especially about the 
commissures of the aortic vahes, was cloudj and showed numerous white, hyaline, 
grajish and graMsh blue, slightlj’ raised areas Many of these exhibited small 
depressions and wrinkles The rest of the aorta showed manj’’ j'ellowish streaks 
and patches and a fev calcified plaques 

In the periaortic space, between the auricles and surrounding the root of the 
aorta, there was a collection of dark, clotted blood 

The coronarj orifices were normal in size Both coronaries, especially the left, 
were markedh sclerotic and tortuous Situated on the left coronary artery, 
1 3 cm from the orifice, there was a small globular protuberance about the size of 
a pea (fig 1) It la\ m the auriculo\entncular groove betw’een the aorta and the 
left auricular appendix On its surface, there w’as a small teathke process covered 
b\ a blood clot 
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When an opening was made into the \cssels, the lumens were found to be patent 
The atheroma and calcification commenced immediateK be\ond the orifice'; and 
extended down into their main branches The protuberance on the left ceironarv 
was found to be a small aneurjsmal pouch, the floor of winch exhibited chanties 
similar to those found in the rest of the aitcrj \ probe, which was iii'^crted into 
the sac, passed into the teatlike process and tlirough a tine perforation out into 
the periaortic space 



Fig 2 — S}’'philitic mesoaortitis , X 250 



Fig 3 — Coronary sclerosis, X 250 

Besides hyaline and fatty degeneration of the intima, the aorta exhibited a 
marked round cell infiltration of the adientitia, most marked about the aasa 
vasorum With the latter, it had in\aded the media and produced irrcgularh 
strewm strands of scar tissue rich in w'andering cells (fig 2) 

The coronary vessels show'ed a marked atherosclerosis, with a pronounced 
thickening of the intima by dense, homogeneous, hi aline, connectiie tissue, which 
overlapped the area of fatti degeneration Extensile calcification of these degen- 
erated and necrotic foci had taken place The internal elastic lamella was thin 
and frayed out at the edges of the plaques The media was thin and atrophic 
(fig 3) 
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The heart muscle showed moderate degenerate e changes and a slight interstitial 
fibrosis The lungs were normal except for emphjsema The gastro-intestinal 
tract showed nothing of interest The liver was somewhat enlarged, w^eighed 
1,800 Gm and was fatU The spleen w'as adherent to the surrounding structures, 
the capsule w'as thickened, weighed 150 Gm and w'as firmer than normal klicro- 
scopicall 3 , the fibrous septums were thickened, and the reticular tissue was increased 
m amount 

The kidnejs were slightl 3 reduced in size, each weighing 125 Gm The capsule 
stripped with some difficult 3 , leaving a slightly granular surface On section, the 
cortex w^as somewhat diminished m size, and the markings were indistinct The 
blood ^essels were prominent !Microscopicall 3 % the cortex contained scattered 
patches of fibrosis, in which the glomeruli w^ere changed into dense h 3 "aline nodules 
The larger vessels w'ere sclerotic, and many of the arterioles show'ed h 3 ’^aline 
deposits beneath the endothelium A moderate round cell infiltration w'as present in 
the fibrotic areas The pancreas, suprarenals and testicles were grossly normal 
The skull was not opened 

Anatomic Diagnosis — A diagnosis w'as hemopericardium, ruptured aneurysm 
of the left coronar 3 arterv, coronar 3 ' sclerosis, atherosclerosis and syphilitic meso- 
aortitis of the aorta, h 3 'pertroph 3 ' and dilatation of the left ventricle, dilatation of 
the right \entricle, pulmonary emphysema, fatt 3 ' degeneration of the liver, chronic 
splenitis and renal arteriosclerosis 


SUMMARY 

1 Aneur}sm of the coronal y arteries is an extreme larity This 
study IS based on the records of tiventy-nine cases gathered from the 
hteratuie and one here reported 

2 The condition is three times as common in males as in females 

3 In the vast majorit) of cases the aneurysm is single and is usually 
situated on the left coionary artery wnthin the first inch of its course 

4 Ruptuie of the aneurysm took place in 50 per cent of the cases 

5 Etiological!} , the cases can be divided into two mam groups 
iiTS cotic-embohc and arteriosclerotic 

6 The m\ cotic-embohc aneurysms occurred in association with an 
acute or subacute bacterial endocarditis of the aortic vah'e The aveiage 
age was 27 

7 In the arteriosclerotic group, a marked coionary sclerosis was 
present the average age was 57 

8 Siphilitic meso-aortitis was found in onh' three cases in this 
series 

9 Trauma pla}S an insignificant etiologic idle 

10 There were not an} pathognomonic S}mptoms oi physical signs 
which made possible an antemortem diagnosis of the condition 



THE EFFECT OF ROENTGEN RAYS 
ON THE HEART 


II THE IMICROSCOPIC CHANGES IN IIIE HEART MUSCLE OF RAIS AND 
or RABBITS FOLLOWING A SERIES OF EXPOSURES "" 

ALDRED S WARTHIN, M D , Ph D , LL D 
Professor of Pathologj, Unncrsity of Michigan Medical School 

AND 

ERNSl A POHLE, MD, Pii D 

Associate Professor of Roentgenology, University of Michigan [Medical School 

ANN ARBOR, MICH 

In a previous article,^ we came to the conclusion that the single 
exposuie of the precordiiim to roentgen rays of the quality and quantity 
described in that paper, and corresponding to a so-called human erythema 
dose, does not produce definite and irreparable injury to the heart 
muscles of adult rats and rabbits The next step in these investigations 
suggested itself i e , the stud}' of the effect of a series of exposures as 
they are carried out in the treatment of human beings All malignant 
lesions in the region of the heart, for instance, mediastinal growth, carci- 
noma of the left breast, bronchus or a tumor of the lung are repeatedly 
treated at certain intervals with a single dose, varying from a part 
to a full tolerance dose The lattei term is used in prefeience to the 
"erythema dose,” whicli implies a unit, but careful investigations have 
shown that it is not reproducible - 

TECHNIC 

The technical procedure was the same as in the previously reported experi- 
ments Two tjpes of radiation w'erc used In the first type the dosage was 200 
kilovolts, 25 milhamperes, 40 cm focal skin distance, 0 5 copper plus 1 aluminum 
filter, time of exposure, nine minutes, lambda effectnc equaled 0 16 angstrom 
units m copper The human skin tolerance dose was taken at 600 R as measured 
w’lth the ionization chamber m air, representing, therefore, primarj energ\ " This 
\alue is called the roentgen value In the second type of radiat’on, the dosage 
was 130 kiloiolts, 5 milhamperes, 24 cm focal skin distance, 4 aluminum filter, 

* Submitted for publication, Aug 16, 1928 
Read before the Section on Radiology at the Seventy-Ninth A.nnual Session 
of the American Medical Association, Minneapolis, June 14, 1928 

1 Warthm, A S, and Pohle, E A The Effect of Roentgen Rajs on the 
Heart I The Microscopic Changes in the Heart Muscle of Rats and Rabbits 
Following a Single Exposure, JAMA 89 1825 (Nov 26) 1927 

2 Pohle, E A , and Barnes, J M Clinical and Physical Investigations of 
the Problem of Dosimetry in Roentgen Therapy, Radiologj' 10 '303, 1928 

3 As small fields were used, it may be assumed that the surface dose is 
identical with this value 



16 


ARCHIVES or INTERNAL MEDICINE 


time of exposure, six minutes, lambda effectne equaled 0 23 angstrom units m 
copper The roentgen \alue \\as approximately 300 R The figures given m the 
first paper for the roentgen ^alue, nameh, 1,100 R, should be corrected to about 
660 R, because the discrepancy which existed at that time between the so-called 
German and the American unit has been remo\ ed , the two units are now identical 
In all our measurements of the output of the apparatus and tube, a Wulf 
lonometer calibrated m roentgen units served as an ionization instrument Its 
sensltl\It^ ^\as checked by radium The absolute standard for the roentgen unit 
vas obtained by means of an open air ionization chamber m connection with a 
high sensitne gahanometer as suggested by Duane and Lorenz^ 

Tventj-four rabbits and forty-eight rats, leaving two or three controls in each 
group of twehe animals, recened treatment once a month for three months" The 
exposures were arranged so that an initial dose of 600 R over the precordium was 
followed bj' 2 x 300 R in inonthl}' intervals In order to guarantee the correct 
position of the heart during the exposure, diagnostic films were taken m every 
case before treatment w'as begun (fig 1) The animals were killed from eight to 
thlrt^-two da\s after the last exposure, and the hearts w^ere taken out and pre- 
pared for microscopic examination 



Fig 1 — Roentgenogram of the heart taken before treatment 
PROTOCOLS or EXPERIMENTS 

Rat 1 (series I, 4387-L-AF) — Killed 1-21-28 Well-marked Zenker’s necrosis 
Moderate fattv degenerative infiltration most marked beneath the epicardium 
Endothelium of some of the smaller blood vessels showed swelling and vacuola- 
tion The ganglion cells of the intracardiac nodes showed a well-marked chroma- 
tohsis (Se\ere purulent bronchitis, particularly of the larger bronchi Areas of 
purulent bronchopneumonia ) 

Rat 2 (series I, 4379-L-AF) — Killed 1-21-28 Well-marked cloudy sw'elhng 
and Zenker s necrosis Fatty degeneratue infiltration more marked than m rat 1, 
and particularlj beneath the endocardium, but also w'ell-marked beneath the epi- 
cardium Changes more marked than in rat 1 Marked congestion of the small 
^essels and capillaries, particular!} m the areas showung the most marked Zenker’s 
necrosis P^knoslS of inanj' oi the endothelial nuclei Many nuclei of the valvular 
endocardium showed p^knosis The ganglion cells of the intracardiac nodes 
showed a well-marked chromatolj sis (Se^ere purulent bronchitis, particularly of 
larger bronchi Areas of purulent bronchopneumonia ) 


4 Duane, W , and Lorenz, E The Standard Ionization Chamber for 
Roentc:en-Ra\ Dosage Measurements, Am J Roentgenol 19 461, 1928 

5 Mr W Tha\er assisted m carrjing out the animal experiments 
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Rat 3 (senes I, 4380-L-AF) — Killed 1-21-28 Changes similar m kind but 
to a much less marked degiee as compared to rats 1 and 2 (Severe purulent 
bronchitis, particularly of the larger bronchi Areas of purulent broncho- 
pneumonia ) 

Rat 4 (senes I, 4381-L-AF) — Killed 1-21-28 Marked Zenker’s necrosis 
Moderate fatty degenerative infiltration beneath epicardium and endocardium 
Numerous pyknotic endothelial nuclei No ganglion cells m sections examined 
(Severe purulent bronchitis, particularly of the larger bronchi Areas of purulent 
bronchopneumonia ) 

Rat 5 (series I, 4382-L-AF ) — Killed 1-21-28 Marked Zenker’s necrosis 
with fatty degenerative infiltration most marked on the endocardial side Numer- 
ous pjknotic endothelial nuclei In the adipose tissue at the base of the heart 
there were small areas of necrosis with inflammatory reaction Early localized 
epicarditis Ganglion cells showed marked chromatolysis (Severe purulent bron- 
chitis, particularly of the larger bronchi Areas of purulent bronchopneumonia ) 

Rat 6 (series I, 4383-L-AF) — Killed 1-21-28 Well-marked Zenker’s necrosis 
Fatty degenerative infiltration beneath epicardium and endocardium Scattered 
p 3 dcnotic nuclei Early epicarditis, localized toward the base Areas of mflam- 
matorj'' infiltration through the adipose tissue Degenerative changes in the 
ganglion cells (Severe purulent bronchitis, particularly of the larger bronchi 
Areas of purulent bronchopneumonia ) 

Rat 7 (senes I, 4384-L-AF) — Killed 1-21-28 Moderate Zenker’s necrosis 
Fatt}’’ degenerative infiltration Scattered pyknosis No ganglion cells in sections 
examined Ganglion cells showed the same degree of chromatolysis No epicarditis 
(Severe purulent bronchitis, particularly of the larger bronchi Purulent broncho- 
pneumonia ) 

R<\t 8 (series I, 385-L-AF) — Killed 1-21-28 Marked Zenker's necrosis, 
more so than in preceding protocol Numerous pyknotic endothelial and heart 
muscle nuclei Subepicardial and subendocardial fatty degenerative infiltration 
Slight increases of lymphocytes around some of the blood vessels Areas of 
marked Zenker’s necrosis in the myocardium of the auricle Localized epicarditis 
Some degree of chromatolysis of ganglion cells as in the preceding protocol 
(Severe purulent bronchitis, particular!}'- of the larger bronchi Areas of purulent 
bronchopneumonia ) 

Rat 9 (series I, 4386-L-AF) — Killed 1-21-28 Marked Zenker’s necrosis 
particularly of the inner half of the left ventricle Fatty degenerative infiltration, 
both subendocardial and subepicardial Scattered pyknotic endothelial and myo- 
cardial nuclei Ganglion cells showed the same degree of chromatolysis Pyknotic 
nuclei observed in one nerve trunk Numerous large ‘ mast” cells in the adipose 
tissue about the ganglions (Severe purulent bronchitis, particularly of the larger 
bronchi Areas of purulent bronchopneumonia } 

Rat 10 (series I, 4387-L-AF) — Control , killed 1-21-28 Early Zenker’s necro- 
sis and fatty degenerative infiltration, less marked than m preceding protocol 
Milder degree of bronchitis and bronchopneumonia 

Rat 11 (series I, 4388-L-AF) — Control, killed 1-21-28 Changes similar to 
the preceding protocol, but less severe Early purulent bronchopneumonia 

Rat 12 (series I, 4389-L-AF) — Control, killed 1-21-28 Well-marked Zenker’s, 
and fatty degenerative infiltration Numerous pyknotic nuclei Increase of inter- 
stitial nuclei in many areas Areas of fat necrosis at base of heart with beginning 
inflammatory reaction Early purulent mediastinitis 
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Rat 1 (senes II, 4449-L-AF) — Killed 1-28-28 Well-marked Zenker’s necro- 
sis beneath the cpicardium, more marked beneath the endocardium Numerous 
P 3 knotic nuclei Alarked chromatolvsis of ganglion cells (Purulent bronchitis 
of large bronchus ) 

Rat 2 (series II, 4450-L-AF) — Killed 1-28-28 Marked Zenker’s necrosis 
Subepicardial and subendocardial fattv degenerative infiltration Many ganglion 



F g 2 (series II rat 4) — Marked fatty degenerative infiltration and Zenker’s 
necrosis of the muscle of the auricle and the right ventricle, marked Zenker’s 
necrosis of the left \entricle 

cells showed kar\ohsis and others showed marked chromatoljsis (No lung tissue 
examined ) 

R\t 3 (series II 4451-L-A.F) — Killed 1-28-28 Marked Zenker’s necrosis 

Subepicardial and subendocardial fatt\ degenerative infiltration (Severe purulent 
bronchopneumonia ) Edema of ner\e trunks Chromatolj'sis of ganglion cells 
R\t 4 (senes II 4452-L-AF') — Killed 1-28-28 Marked fatty degeneratne 
infiltration and Zenker's necrosis of muscle of auricle and right ventricle Marked 
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Rat 8 (series II, 4456-L-AF) — Killed 1-28-28 Alarked Zenker’s necrosis 
Subendocardial fatty degenerative infiltration Marked fatty degenerative infiltra- 
tion of right auricle and right ventricle Marked chromatolysis of ganglion cells 
Complete destruction of nuclei (Purulent bronchopneumonia ) Lymph nodes 
largely replaced by cells resembling mjelocytes or plasma cells In the sinuses 
of the nodes large basophilic reticulo-endothehal cells 

Rat 9 (series II, 44S7-L-AF) — Killed 1-28-28 Marked Zenker’s necrosis 
Subepicardial and subendocardial fatty degenerative infiltration, more marked in 
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Rat 11 (senes II, 44S9-L-AF) — Control, killed 1-28-28 (Purulent broncho- 
pneumonia ) Marked Zenker s necrosis Subepicardial and subendocardial fatty 
degenerative infiltration Edema of nerve trunks Early pleuritis Chromatolysis 
of ganglion cells 

Rabbit 1 (series I, 6093-L-AF) — Died 3-4-28 Marked Zenker’s and simple 
necrosis without inflammatory reaction Large red thrombus m left ventricle 
Suffusion with hemoglobin (post mortem^) No pneumonia Catarrhal bronchitis 



Fig 5 (series I, rat 5) — Marked Zenker’s necrosis with fatty degenerative 
infiltration most marked on the endocardial side 

of the larger bronchi Hyperplasia of the reticulo-endothelium of the bronchial 
lymph nodes 

Rabbit 3 (series I, 6094-L-AF) — Killed 3-22-28 Moderate Zenker’s necrosis 
Marked fatty degenerative infiltration beneath endocardium, particularly of the 
papillary muscles Pyknosis of interstitial nuclei Some localized increase of 
interstitial nuclei Small areas of definite interstitial myocarditis m muscle near 
base of heart Fatty change is more marked in the auricular wall than elsewhere 
Catarrhal bronchitis 
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Rabbit 4 (series I, 6095-L-AF) —Killed 3-22-28 Zenker’s necrosis and 
marked fatty degenerative infiltration Localized increase of the interstitial nuclei 
Marked lipoidosis of endocardium of aortic valve There were areas scattered 
throughout the wall of the heart of definite interstitial inflammation and repair 
of focal necrosis Endocardium near these areas showed a marked lipoidosis 
Nerve trunks showed no change Early epicarditis No ganglions found Catar- 
rhal bronchitis 



Fig 6 (series I, rat 6) — Well-marked Zenker’s necrosis, fatty degenerative 
infiltration beneath epicardium and endocardium 

Rabbit S (series I, 6096-L'AF) — ^Killed 3-22-28 Zenker’s necrosis Marked 
subendocardial fatty degenerative infiltration Numerous pyknotic interstitial 
nuclei Small areas of small-celled infiltration, more marked in the auricular 
walls than in the \entricle Focal areas of complete necrosis of heart muscle 
with beginning repair No ganglions found Catarrhal bronchitis in mam trunks 

Rabbit 6 (series I, 6097-L-AF) — Killed 3-22-28 Zenker s necrosis Diffuse 
fatt 3 degeneratne infiltration, more marked beneath the endocardium and m the 



WARTHIN-POHLE— ROENTGEN RAYS ON THE HEART 23 

papillary muscles Numerous small areas of increased interstitial nuclei, lympho- 
cyte infiltration Some of these areas showed pyknotic nuclei Nerve trunks 
negative Definite inflammatory infiltrations in auricular wall Auricular ganglion 
showed marked chromatolysis Catarrhal bionchitis 

Rabbit 7 (series I, 6098-L-AF) —Killed 3-22-28 Marked Zenker’s necrosis 
Fatt) degenerative infiltration most marked beneath the endocardium Small areas 



Fig 7 (senes III, rat 2) — Extreme Zenker’s necrosis 


of lymphocjte infiltration and increase of interstitial nuclei No ganglion found 
Nerve trunks negative Catarrhal bronchitis in large bronchi 

Rabbit 8 (series I, 6099-L-AF) —Died 2-24-28 Marked Zenker’s necrosis and 
fatty degenerative infiltration, but few normal muscle fibers Very slight increase 
of interstitial nuclei Auricular wall showed marked fatty degenerative infiltra- 
tion Catarrhal bronchitis m large bronchi 

Rabbit 9 (series I, 61 00-L-AF) —Killed 3-22-28 Marked Zenker’s necrosis 
and fatty degenerative infiltration Very small aggregations of lymphocytes and 



24 


ARCHIVES OF INTERNAL MEDICINE 


interstitial nuclei Nerve trunks showed no changes except that one has a lympho- 
cytic infiltration along its intraneural blood ^essel No ganglion found Catarrhal 
bronchitis 

Rabbit 10 (series I, 6101-L-AF) —Killed 3-22-28 Marked Zenker’s necrosis 
and fatty degenerative infiltration Localized increase of interstitial nuclei 
Numerous small lymphocyte infiltrations Changes most marked in auricle and 
wall of ventricle Large areas of marked Zenker’s necrosis in wall of right 



Fig 8 (senes I, rabbit 4) — Zenker’s necrosis and marked fatty degenerative 
infiltration 

auricle and ventricle Early inflammator> reaction and some repair No ganglions 
found Purulent catarrh of large bronchi 

Rabbit 11 (senes I, 6091-L-AF) —Control , killed 3-22-28 No Zenker’s 
necrosis Heart showed fatty infiltration and a diffuse fatty degenerative infiltra- 
tion Early atherosclerosis of aorta No pneumonia 

Rabbit'i2 (series I, 6092-L-^F) -Control , killed 3-22-28 No Zenker’s necro- 
sis Diffuse fatty degenerativ'C infiltration, more marked beneath the endocar- 
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diuni Subepicardial fatty infiltration Slight lipoidosis of intiraa of aorta 
(Nodules of cartilage in the aortic valve Old atherosclerosis of this valve ) 
No pneumonia 

Rat 1 (series III, 7004-L-AF) —Died 3-5-28 Extreme Zenker’s necrosis of 
heart muscle (Multiple abscesses m lung Caseation of pus Purulent broncho- 
pneumonia ) 

Rat 2 (series III, 7007-L-AF) — Killed 5-2-28 Extieme Zenker’s necrosis 
No leactions 

R \T 3 (series III, /005-L-AF) — Died 4-18-28 Extieme Zenker’s necrosis 
Very little fattj' degenerative infiltration No reactions Necrosis of ganglion 
cells Purulent bronchopneumonia 

R \T 4 (series III, 7009-L-AF) — Died 4-30-28 Marked Zenker’s necrosis 
Parietal mixed thrombus with karjwrhexis of the leukocyte nuclei Marked 
chromatohsis ot the ganglion cells In the cardiac thrombus many colonies of 
bacteria Thrombo-endocarditis purulenta The thrombus rests on a completely 
necrotic endocardium and mvocardium 

R\t 5 (series III, 7008-L-AF) — Killed 5-2-28 Marked Zenker's necrosis, 
shghth less marked than in the preceding protocol No reactions Catarrhal 
bronchitis 

R\t 6 (series III, 7006-L-AF) — Died 4-25-28 Extreme Zenker’s necrosis 
“Marked necrosis of ganglion cells No reactions Purulent bronchopneumonia 

R\t 7 (series III, 7010-L-AF) — Killed 5-2-28 Moderate Zenker’s necrosis 
No reaction Catarrhal bronchitis 

Rat 8 (senes III, 70I1-L-AF) — Killed 5-2-28 Marked Zenker’s necrosis 
No reactions 

Rat 9 (senes III, 7012-L-AF) — Killed 5-2-28 Marked Zenker's necrosis 
No reactions (Diffuse purulent pneumonia ) 

Rat 10 (scries III, 7013-L-AF) — Control, killed 5-2-28 Marked Zenker’s 
necrosis Small locahred increase of stroma cells No ganglion found Purulent 
bronchopneumonia 

Rat 11 (senes III, 70I4-L-AF) — Control, killed 5-2-28 Same as preceding 
protocol 

Rat 12 (senes III, 7015-L-AF) —Control , killed 5-2-28 Marked Zenker’s 
necrosis Small localized areas of inflammation Chromatolysis of ganglion cells 
Purulent bronchopneumonia 

Rac 1 (senes R", 7016-L-AF) —Killed 5-2-28 Marked Zenker’s necrosis 
No reaction No pneumonia 

Rat 2 (senes IV, 7017-L-AF) —Killed 5-2-28 Marked Zenker’s necrosis 
Chromatolysis of ganglion cells No reactions No pneumonia 

Rat 3 (series IV, 70 1 8- L- A F) —Killed 5-2-28 Marked Zenker’s necrosis 
Marked edema of nerve trunks Marked chromatolysis of ganglion cells No 
reactions No pneumonia 

Rat 4 (series IV, 7019-L-AF) -Killed 5-2-28 Marked Zenker’s necrosis 
No reactions Catarrhal pneumonia 

Rat 5 (series IV, 7020-L-AF) —Killed 5-2-28 Marked Zenker’s necrosis 
Small areas of pyknotic nuclei (Small areas of pneumonia ) No reactions 
Ganglion cells not found 

Rat 6 (senes IV, 702 1-L-AF) —Killed 5-2-28 Marked Zenker’s necrosis 
No reactions (Acute catarrhal bronchitis ) 
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Rat 7 (series IV, 7022-L-AF) —Killed 5-2-28 Alarked Zenker’s necrosis 
Small areas of pyknotic nuclei and Ijmphocyte infiltration No pneumonia 

Rat 8 (senes IV, 7023-L-AF) Killed 4-30-28 (Severe necrotic hemorrhagic 
pneumonia ) Marked Zenker’s necrosis of myocardium (Marked purulent bron- 
chitis of larger bronchi Purulent mediastimtis ) Very marked necrosis of 
auricular wall 



Fig 9 (series I, rabbit 6) — Zenker’s necrosis , diffuse fatty degenerative infil- 
tration, more marked beneath the endocardium and m the papillary muscles 

Rat Sr (senes IV, 7024-L-AF) —Killed 5-2-28 Marked Zenker’s necrosis 
A few small reactions No ganglions found Catarrhal bronchitis 

R-vt 10 (series IV, 7025-L-AF) —Control , killed 5-2-28 Zenker’s necrosis 
less marked than in preceding protocol No reactions Catarrhal bronchitis 

Rat 11 (senes IV, 7026-L-AF) —Control , killed 5-2-28 Marked Zenker’s 
necrosis No reactions Purulent bronchopneumonia 

Rat 12 (series IV, 7027-L-AF) — Control , killed 5-2-28 Well-marked 
Zenker’s necrosis No reactions Bronchopneumonia 
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Rabbit 5 (series II, 7141-L-AF) —Killed S-15-28 Atrophy with relative 
increase of stroma nuclei Subepicardial and subendocardial fatty degenerative 
infiltration Small inflammatory reactions Myxomatous thickening of endo- 
cardium Catarrhal bronchitis in large bronchi 

Rabbit 6 (series II, 7142-L-AF) — Killed 5-15-28 Atrophy Zenker’s necro- 
sis Fatty degenerative infiltration, most marked beneath the endocardium 



Fig 11 (series III, rat 6) — Extreme Zenker’s necrosis, marked necrosis of 
ganglion cells 

Increase of stroma nuclei Small areas of inflammatory infiltrations Acute 
purulent epicarditis Marked atrophy of thymus Myxomatous thickening of 
endocardium Localized perivascular infiltrations Purulent bronchitis 

Rvbbit 8 (series II, 7143-L-AF) — Killed 5-15-28 Zenker’s necrosis Diffuse 
fatt} degeneratne infiltration most marked beneath the endocardium Localized 
increase of nuclei and small hmphoc 3 te infiltrations Marked thymic atrophy 
Catarrhal bronchitis m large bronchi 
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Rmjbit 10 (senes II, 7144-L-AF) -Control , killed 5-15-28 Atropln Zenker’s 
necrosis Fatty degenerative infiltration, most marked beneath the endocardium 
Increase of stroma Localized inflammatory infiltrations Characteristic of “rabbit 
encephalitis ” 

Rabbit 11 (series II, 7145-L-AF) —Control , killed 5-15-28 Abnormal 
Atrophj Zenker s necrosis Subendocardial fatt} degenerative infiltration, 
marked in the papillar}’’ muscles Relatn e increase of stroma cells Small 
bniphocjte infiltrations (Rabbit encephalitis?) 

R VBBiT 12 (senes II, 7146-L-AF) —Control , killed 5-15-28 klarked Zenker’s 
necrosis Fatti^ degencratne infiltration, most marked beneath the endocardium 
Relatn e increase of stroma Small Ijmphocjhe infiltrations Nerve trunks are 
negatne No ganglion cells found Acute epicarditis (Purulent bronchopneu- 
monia) Coronary lessels sho^^ed some sclerosis (Encephalitis?) 

COMMENT ON PATHOLOGIC CHANGES CAUSED BV THE 

ROENTGEN RA\ S 

All of the iiiadiated animals (lats and labbits) of these series 
showed maiked imocaidial lesions The lesions consisted essentiall)’^ in 
more seveie degrees of Zenkei’s Inaline degeneiation and neciosis and 
of fatty degeneiatne infiltration (lipoidosis) than were obseived m the 
animals desciibed in our fiist papei as following a single exposure 
Furthermoie inan\ of the animals shotted vaiying degiees of inflamma- 
tor} reactions and beginning inteistitial piolifeiation In geneial, the 
pathologic changes m the mtocaichum obseived m these animals can be 
compared with lesions seen in the human heait in moderately seveie 
and in seveie diphtheiia toxemia 

The exact interpietation of these lesions, so fai as then pioduction 
by irradiation is concerned, is lendeied difficult by the complicating 
occurience of a moie or less seveie puiulent oi cataiihal bronchitis and 
bronchopneumonia The mam bionchial ti links and the portions of the 
lungs 111 the antei loi mediastinum were especially involved The sevei ity 
of these pulmonaiy lesions vaiied fioin a cataiihal bi onchopneumonia 
to the occuiience of multiple pulmonary abscesses There were also 
associated vaiying degiees of local oi geneiahzed mediastimtis, early 
peiicaiditis and pleuiitis In two of the animals (lat 4, senes III and 
rabbit 1, senes I), theie was also a thrombo-endocarditis piesent 
Bacterial colonies weie seen in all of the lesions, so that theie is no doubt 
as to the ultimate infective natuie of these piocesses Unfoitunately, 
similai pulmonaiy lesions weie found in the majority of the contiols, 
and in some of these the same type of myocaidial lesions of a less 
sevei e degi ee, with the exception of two cases among the control i ats 
(senes II, lat 11, series IV, lat 11) and m thiee control labbits 
(senes II, rabbits 10, 11 and 12) In addition to the pulmonaiy infec- 
tion, these thiee animals showed myocardial lesions common to rabbit 
encephalitis ” With this complication, it becomes difficult to evaluate 
the actual role of irradiation in contiibutmg to the myocardial damage 
As some of the animals (control lats, senes IV, rats 10 and 12, senes I, 
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rats 10 and 11 , and control rabbits, senes I, rabbits 11 and 12 ) sho\\ed 
much milder m3 0 cardial lesions in spite of the associated pulmonan 
imolvement, and because the controls ivith bronchopneumonia and 
mjocardial lesions usualh* presented milder degrees of the latter it 
seems safe to conclude tliat the heart lesions, m large measure at least 
uere due to the irradiation This deduction is more safeh dra^^n con- 
cerning the rats than concerning the rabbits because of the complicating 
heart lesions of rabbit encephalitis found in the rabbit controls For 
this reason we regard the rabbit as highly unsuitable for this especial 
research it seems that the great majorit}' of laborator} rabbits obtained 
at the Universit}' of Alichigan show spontaneous nnocardial lesions 
The focal h mphoc3'tic character of these lesions ho\\ ever can be used 
as a differential point in evaluating m3'ocardial change due to other 
factors 

Caiefull3’ weiglnng the evidence ne feel that we are justified in 
concluding that the exposures given to these animals produced a primai^' 
mediastinal injur3’^ involving the heart, large bronchi portions of the 
lungs hanph nodes, th3 mus and ganglions As a result of this primai^ 
injur3 an infective bronchitis and bronchopneumonia followed in e\er3* 
exposed subject frequeutlj’’ extending to pleurae mediastinum and peri- 
cardium and in two cases associated with hematogenous bacterial 
thrombo-endocarditis The Ijmph nodes and thymus of the region 
showed evidence of h'lnphoid destruction and reticulo-endothehal h3'per- 
plasia, areas of fat necrosis were present in the mediastinal fat, and 
the ganglions of the region showed marked chromatol3'sis and lipoidosis 
]\Ian3 nene trunks were markedl3' edematous, and some showed 
lipoidosis Some of these lesions did not ha^e any relationship to the 
pneumonia and were not due to infection The3' occurred onl3’' in the 
irradiated animals The changes common to infection w'ere as a rule 
much more severe in the irradiated animals than in the controls dj'ing 
with the se\erest fonn of pulmonar3’^ infection, even wdien in the rabbit 
controls associated with the lesions of rabbit encephalitis 

Although our animals were most carefulh selected and were kept 
under the ^er3 best conditions, a bronchial and pulmonarj infection was 
practical^ universal among them It seems probable that this began 
in the irradiated animals As the result of the irradiation, the bronchi 
are damaged, then resistance lowered, and an infective bronchitis and 
bronchopneumonia developed This in turn will increase the damage 
alread3 produced b3' the irradiation in the m30cardiuni and the combi- 
nation is sufficient to cause the spontaneous death of some animals 
Since the controls were kept with the irradiated animals the conditions 
fa\ored the spread of the infection to them from the latter This fact 
is of great importance the mam bronchial trunks are injured in 
mediastinal irradiation (repeated exposures) to such a degree that 
secondarj pulmonaiw' infection almost invariabh' results To the pri- 
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inaiy m 3 0 caidial injui)'’ is added the possibility of increased toxic 
injuiy and mechanical stiain on the heait The secondaiy infection may 
extend diiectly to the peiicaidium and heait, oi the lattei may be 
involved b} hematogenous infection of the endocaidium (thrombo- 
endocaiditis) The injuiy to the neivous appaiatus (ganglions) must 
cause added embaiiassment to the ciiculation 

Compaimg these obseivations with those of Hartman, Bolliger, 
Doub, and Smith,® we confiim their conclusion as to the possibility of 
injui) to the myocaidium by loentgen lays of short wave length 
Unfoitunately, no direct compaiison of these two investigations is possi- 
ble, since the foiegoing authois did not make exact measuiements of the 
applied dose From an appioximate estimate of the eneigy used by 
them, it would appeal that the smallest exposuie given by them must 
haAC been a multiple of oui toleiance dose There is no doubt that a 
dose of that older of magnitude must have a destructive effect on living 
tissue As fai as the human cases lepoited by them are concerned, no 
dose can be computed fiom the data given in the leport, and the 
pathologic observations aie not conclusively differentiated Theie is no 
positive pi oof that the myocaidial lesions were due to the n radiation 
As far as oui own clinical experience is concerned, no loentgen-ray 
injui} of the heait was observed at autopsy in patients who had been 
treated over the precordium 

That an overdose of ladium can lead to necrosis of the myocardium 
has been shown recently by E Renfer ^ In two cases of esophageal 
carcinoma in which treatment by radium was used (1968 and 2160 
mgh ), he obseived deep neciosis of the myocardium, in one case 
leading to lupture of the left ventricle and hemopericai dium, with a 
latent peiiod of from five to six months 

As Levy and Golden® have attempted to tieat persons with heart 
disease (iheumatic carditis), the foregoing investigations should be 
borne m mind when dosage for an exposuie which would place the 
heai t m the path of the irradiation is prescribed 

CONCLUSIONS 

1 The precordium of foity-eighl rats and twenty-four rabbits 
(leaving two or three in each group of twelve animals as controls) 
w^as exposed to loentgen rays (lambda-effective equaled 016 and 0 23 

6 Hartman, F , Bollinger, A , Doub, H , and Smith, J Heart Lesions 
Produced by the Deep X-Ray An Experimental and Clinical Study, Bull Johns 
Hopkins Hosp 41 36, 1927 

7 Renfer, E Ueber 7 wei Falle von Radiumnekrosen des Myokardes, Le 
cancer, 1927, Jg 4, 431, quoted from Zentralbl f ges Radiol 4 586, 1928 

8 Levy, R, and Golden, R Some Effects of Roentgen Irradiation of the 
Heart in Rheumatic Carditis, Am J Roentgenol 18 103, 1927 
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angstrom units, respectnel}) three times at monthi} intenals The 
dose amounted to 600 R the first time and 300 R each the second and 
third time The animals Mere killed from eight to thirt 3 -tMo days 
folloM mg the last exposure and the hearts examined microscopically 

2 In e\er}' animal irradiated, definite lesions Mere found in the 
mjocardium consisting essentially of marked Zenker’s necrosis and 
fattA' degeneratne infiltration In many cases there Mas evidence of 
inflammator}" reaction and early repair These myocardial lesions M^ere 
associated in ever)'- irradiated animal Muth a more or less severe bronchitis 
and bronchopneumonia and Mith other evidences of mediastinal 
roentgen-ray injurv^ to the thimus, lymph nodes and ganglions We 
regard the pulmonarj' infection as secondarj^ to the irradiation injury of 
the bronchi loM-ering the resistance and being folloMed by secondarj 
bacterial infection A iicious circle is therefore set up increasing the 
miocardial change 

3 We conclude, therefore from these investigations that definite 
injury of the heart muscle results from a series of exposures as 
described This suggests caution in any case in Mhich the treatment 
brings the heart in the path of the raj's 

4 An attempt Mill be made to define the threshold value of roentgen- 
ray energ)' for the lesions described, or m other M^ords, the tolerance 
dose for the heart muscle 

ABSTRACT OF DISCUSSION 

Dr Fraxk W H\rtma.x, Detroit Our vork vas done vith the purpose of 
producing an experimental heart lesion I am ler}- glad that Dr Warthin and 
Dr Pohle haie been able to confirm our results on animals Our first work was 
done at about the same time that Dr Wa'^thm and Dr Pohle started theirs As 
to the apparatus and dosage, ^^e used relatneh' large doses, but the apparatus 
was carefulh calibrated In fact, Dr Pohle calibrated our apparatus The dosage 
was carefully controlled — the distance, roltage, amperage and e%erj^hing, except 
the ionization chamber which Dr Pohle mentioned, was taken into account The 
doses were unusualK large because we started out to produce an experimental 
lesion so that we might stud3 the irregularities in the heart following these per- 
manent lesions As to the experiments reported b} Dr Pohle, it seems to me that 
the presence of so much infection would largeh obiiate the possibilit5 ot definite 
conclusions We used dogs rather than rats and rabbits, and in only one case did 
we see any evidence of infection in the heart or pericardium This animal had a 
bacterial endocarditis and a septicemia With this exception, the changes reported 
b3 us maj’ be accepted as being due to the roentgen ray As to cases in human 
beings. Dr '\\’'arthin wall possibh feel difterenth- about them after he has renew ed 
the original sections made from the hearts ilanj of 30U saw our demonstration 
last 3 ear in which three cases in human beings were presented Since that time 
we haie seen another All of these were cases of mediastinal tumor and large 
doses of irradiation were giien ranging from 60 to 200 minutes with the same 
loltage, amperage, filterage and distance used in our experimental work I am 
not enough of a ph3sicist or radiologist to tell 30U how that can be compared with 
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the dosage described by Dr Pohle, but I do know that it is well within the limits 
of dosage used for malignancy of the mediastinum If you recall some of the high 
pou er photomicrographs of the myocardium as shown in the demonstration last 
year }ou will remember that about every other muscle fiber appeared as a hollow 
tube the center of which W'as filled w'lth large vacuoles or occasionally a single 
coagulated mass of protoplasm I do not think that anybody would deny that such 
a lesion is produced bv the roentgen ray Similar marked changes in human beings 
have been described bv German authors, particularly by Schweitzer 

There is another phase of the work that I should like to emphasize and that is 
the fallacj of applj ing results obtained on one animal to other animals or to man 
We reported lesions produced m dogs, sheep and human beings We found that 
the dogs are much more susceptible than sheep, and dogs are somew'hat more 
susceptible than man As Davis pointed out several years ago, the right auricle 
111 the dog IS particular!} susceptible, and even w'lth moderate doses projected 
through the wall of tiie chest, lesions are produced Davis did this wmrk while 
he w as show mg clinical changes in the lung In the sheep it is entirely different 
You can project as much as 300 minutes ot the dosage, such as Dr Pohle has 
mentioned through the anterior aspect and side of the chest m sheep, and you 
w'lll not get any such hemorrhagic lesions We do not see these hemorrhagic 
lesions in man either, but the sheep die just the same from m}ocardial degenera- 
tion and some of the most marked instances of necrosis and polymorphonuclear 
infiltration were shown in these sheep There is also a large variability between 
indmdual animals I do not think this is accounted for by difference in the con- 
tour of the chest or from difference in roentgen technic, but there is a large dif- 
ference m susceptibiht} I ha\e no doubt that men w’lth large experience have 
seen the same thing in human patients One other thing is the possibility of con- 
trolling the effects in human beings w'lth the electrocardiograph We have been 
able to do that satisfactorih in our dogs and sheep, and in the last year w^e have 
been followung up by means of the electrocardiograph every case in wdiich irra- 
diation was gnen o\er the chest We have been able to show^ that w'hen the 
%oltage becomes low or when the T waves become inverted, the mjocardium is 
suffering and it is time to rest a while 

Dr G E PrAiiLER Philadelphia We must especially emphasize the point 
brought out b} Dr Hartman, namely that need for caution m transferring data 
obtained in the treatment of experimental w'ork on small animals to man Take 
the size of the animals Judging by the diagrams shown by Dr Pohle, at least 
three fourths of the animal’s chest w'as exposed, and about one third of the entire 
bod} Then we gi\e this small animal the doses we wmuld give to a human 
being' We go a step further, according to this technic, and give a full dose 
of roentgen ra} s to this animal, a massive dose, which I think none of us do 
at the present time , and then he repeats that m one month, and again m another 
month I know' of no one who repeats a massive dose inside of two months m 
a human case Therefore, we must conclude that relatively this animal received 
at least ten times the relative dosage that would be given to a human being The 
results obtained m this experimental work are inconsistent with the clinical 
observations all of us have made I have treated over 1,000 patients with 
carcinoma of the breast which involved more or less exposure of the heart I 
have never seen any clinical symptoms to indicate that the heart was affected 
I have performed many autopsies and no such results have been reported as have 
been indicated in this experimental work Within the past year we had a very 
complete autopsy m a case of Hodgkin’s disease I had treated the patient m 
1920 There w'as a large mass about twice the size of the heart m the mediastinum 
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This mass completeh disappeared under radiation, and, of course, we had to treat 
the heart The patient finalh* died of the disease, and at autopsj, Hodgkin’s 
lesions were found m all the tissues of the bodj, including the heart, and jet 
there were no such results reported as we find in this case The animal experi- 
ments shown had associated a pneumonitis You can produce a pneumonitis in 
a human being bv excessne dosage but why should we give it’ 

Dr Hexrx Schmitz, Chicago Without entering into a discussion of the 
comparabihtj of animal experimentation with our clinical observations on the 
human being, I haie for jears made the statement that w'hen one massne treat- 
ment has been given — particular!} for carcinoma — the treatment should not be 
repeated, because the tissue cannot stand a second full dose without permanent 
injurj or damage When we repeated a massne dose, within varving intervals, 
from SIX months to two j'^ears, we have regretted doing so In each instance 
irreparable damage ensued from which the patient later succumbed Let us content 
ourselves with one massiv^e treatment as the surgeon is content wnth one operation 
Recently we had an opportunitv to observ'e a patient who was suffering from 
carcinoma of the breast She had been treated elsewhere with interrupted frequent 
doses We gave her a single massne treatment After three vears she developed 
a nodule which showed carcinoma The treatment was repeated and before it 
was finished the patient became ill wnth an extreme disturbance of the heart, and 
It was SIX weeks before she finallj recov'ered from the effects of this treatment 

Dr E a Pohle As far as measuring of the dose of roentgen rajs in 
Dr Hartman’s experiments is concerned, I wnll simplj quote part of the resolu- 
tion of the Standardization Committee of the Radiological Society of North 
America “Voltage and filtration alone do not properly define radiation qualitv 
It should be measured by a reliable ionization instrument ” The same holds true 
for the quantity of radiation As Dr Hartman stated, “No such instrument 
was emploved’’ and this should settle the argument I was interested in listening 
to Dr Pfahler’s remarks We agree as far as transferring the results ot these 
animal experiments to human beings is concerned In our first paper this fact 
was emphasized Regarding the dose applied, there must have been a misunder- 
standing We did not give three times a full dose within three months The 
first time a full dose was given and the second and third time 50 per cent 
of it In the old terminologv it would amount to two erj’’thema doses within 
twelve weeks According to the so-called saturation method advocated bj 
Dr Pfahler in 1925 — such a procedure would be permissible in human therapj 
He states that two full ervdhema doses of roentgen ravs, of the penetration used 
in our experiments, mav be given within from eight to tw^elve vv'eeks V'e must 
also consider that 600 R as adopted in our work as a tolerance dose (ervthema 
dose) IS identical with the surface dose because we used small fields In therapj 
of conditions of the chest in people large fields of entrj^ are emplojed adding 
about 40 per cent to the surface dose bv back-scattering Some laboratories use 
larger doses, up to 900 R measured m air, as erjdhema dose A single exposure 
through a large field would bring the surface dose up to ov’er 1,200 R In our 
experiments this value is reached bj the total dose given in divided doses over 
a period of three months I do not feel, therefore, that this can be called excessive 
The ratio of the irradiated volume to the total volume of the bodj" is rather hard 
to establish However, I would not be surprised if a comparison of the two 
ratios in human beings, using a 20 bj 20 cm field of entrj, and in rats treated 
over the heart with our technic will be in close proximitj 
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Fift} }ears befoie Giaves’ and Basedow’s description of the symptom 
complex beanng then lespective names, Pairy and Flajani called atten- 
tion to the occunence of distinbances of the lieait in association with 
goitei ^ Adelmann appears to have described two forms of disturbances 
of the heart in goitei, while Potain contributed a clinical discussion to 
the subject” Rose hist emphasized the importance of the heait in the 
sudden deaths of patients with goitei, believing that the effect on the 
heait was pin el) mechanical - Schranz, however, and with him Wolfler 
and YTtte, not entiiely content with the mechanical theory, added leports 
of cases m which the)' beheied neivous factors were also opeiative ^ 

In 1898, Fnederich Kiaus of Beihn described and differentiated 
\arious foims of goitei heait, dividing them finally into two principal 
groups , first, the mechanical goiter heart, and second, the monosymp- 
tomatic goiter heait - The monosymptomatic goiter heart of Kraus was 
found in patients with goiter but without mechanical embaiiassment of 
the circulation or lespiration Kiaus believed that these cases never 
progressed to a true exophthalmic goiter but that they showed pre- 
dominantly a cardio\asculai syndrome, namely, inci eased cardiac activity, 
often tach 3 'cardia, a bounding, rapid pulse, in severe cases arrhythmia 
and in protracted gra\ e cases, decompensation Clinically and at autopsy 
the heart was enlai ged to the left, in conti ast to the mechanical form of 
goiter heart with enlargement of the right side 

* Submitted for publication, Aug 28, 1928 
From the Thyroid Group Service and the Cardiographic Laboratory, Michael 
Reese Hospital 

'' Read before a meet ng of the Association of American Physicians, Atlantic 
Clt}^ May 3, 1927 

1 Quoted from Klose Die Basedowsche Krankheit, Ergebn d inn Med u 
Kinderh 10 182, 1913 

2 Quoted from Chvostek, F Morbus Basedowi und die Hj perthyreosen, 
Berlin, 1917 , p 372 
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Ch\ostek ^ gaAc the most complete description of the heart in thyioid 
disease, classif3mg the \arious forms as follo^\s 

1 3klechanical goiter heart of Rose (the pneumatic or djspneic goiter heart of 
Minnich) 

2 The congestne goiter heart (substernal goiter) (goiter cardiaque, Revilhod) 

3 Neurotic goiter heart (Wolfler) from pressure of the goiter on the ^agus 
and sympathetic 

4 Thyreotoxic goiter heart (Kraus) 

5 Degenerative or torpid goiter heart (Bauer) (myxedema^) 

6 Thyreopathic cardiac hypertrophy (Minnich) (myxedema^) 

In a clinical discussion of the goiter heart, Gmelin'* called attention 
to certain characteristics of the tachjcardia, namely, that it is constant, 
eien with rest in bed, and at night, that the tachycardia is not influenced 
by drugs or narcotics, and that it disappears promptly after operation 
He spoke of the steep ascent and quick descent of the pulse wave during 
tachycardia which he beheted is due to abnormal and persistent dilata- 
tion of small lessels He described the heart beating violent^ against 
decreased peripheral resistance, the subjective sensation of warmth, 
the tendency to excessne perspiration and the profuse bleeding in the 
operatne field during thy roidectomyq all evidence of the same capillary 
and arteriolar dilatation 

The present study is the fiist of a senes of clinical and experimental 
obsen'ations concerning the heart in thyroid disease While for many 
\ears this subject has been the recipient of much careful experiment 
and observation, there still appear to be many unsolved problems Sug- 
gestn e ey idence of the desirability of further work concerning the role 
and integrity of the heart in thy roid disease may be seen from the follow- 
ing conflicting statements from both old and recent studies on this sub- 
ject, some of them emanating from clinics where a vast amount of 
thy roid material is ai ailable for study 

Basedow patients suffer and die through their hearts {Mocbnis ) 

Without tachi cardia no Basedov ( Chai cot ) 

There are probabb no cases of exophthalmic goiter in vhich cardiac symptoms 
are completely" v anting {A Kochcj ®) 

From a study of the data presented m this paper, the most outstanding fact is 
the infrequency in both exophthalmic goiter and adenoma with hyperthyroidism 
of symptoms indicating cardiac disease {JVillius, Boofhbv aud Wilson*) 

3 Cluostek, F Morbus Basedow i und die pertln rcosen, Berlin, 1917, 
p 372 

4 Gmehn E Zur Khmk des Kropfherzens, Arch f khn Chir 143 726, 

1926 

5 Kocher A , in Kraus and Brugsch Specielle Pathologic und Therapie, 
1919, xol 1, p 751 

6 Wilhus, F A Boothb%, W M and Wilson, L B The Heart in Exoph- 
thalmic Goiter and Adenoma with H^perthy roidism, M Clin N Amer 7 189 
(July) 1923 
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Young individuals with prcMoush undamaged hearts suffer no cardiac changes, 
no matter how intense the th} roid toxicitj {Lahey and Hamilton ') 

It will be noted that in each of this series (h 3 'perth} roidism) vith one excep- 
tion, the "volume output of the heart per beat was diminished, it vould 

therefore appear that all these patients had some heart failure {Rabmorviich and 
Bazin ') 

these conflicting opinions in mind, ^3 e propose to approach the 
problem from a number of separate points of Me\%, both clinical and 
experimental, collecting data by methods m which the subjective element 
IS eliminated or relegated, as far as possible, to the background 

The widespread and enthusiastic reintroduction of iodine into the 
therap} of hyperthyroidism offers an additional leason for reopening the 
problem of the goiter heart It is common experience that although m 
most cases and at certain stages in the evolution of exophthalmic goiter 
iodine has great value, m other cases and at other stages in the disease, 
it appears to be distinctly harmful A number of interesting pieces of 
work are arailable in this connection For example, in a study of the 
physiologic interrelations of the th 3 roid and heart, yon Cyon ^ found that 
iodoth}rin exerts a definite influence on the regulatory cardiac nerves, 
markedly- increasing the normal excitability of the yagi and depressor 
nerves, and that it is effectue in restoring the diminished excitability of 
these nerves as a result of th) roidectomy or degenerative disease of the 
th} roid gland 

Tyyo years later, Barbera^° confirmed yon Cyon’s obsery ations, 
emphasizing as Boruttan had the antagonistic action of atropine and the 
stimulating effects on the y agi of iodine and lodoth} rin 

Goodpasture^^ fed thyroid gland substance (thyroxin) to rabbits 
and produced areas of peruascular fibrosis and necrosis in the heart 
muscle The same } ear, Hashimoto produced experimental myocar- 
ditis m animals yyith toxic doses of dried thyroid substance and found 
interstitial tissue lesions not unlike the Aschoff-Tayy ara nodes in acute 
rheumatic feyer 

7 Lahej^ and Hamilton Thj rocardiacs , Their Surgical Treatment, Surg 
Gjmec Obst 39.10 (Julj’-) 1924 

8 Rabmoyvitch, I AI , and Bazin, E V The Output of the Heart Per Beat 
in H 3 "perthj roidism. Arch Int !Med 38 566 (Noy' ) 1926 

9 Von C 3 'on Zur Ph 3 Siologie der Schildruse und des Herzens, Pflugers 
Arch f d ges Ph 3 "siol 70 511, 1898 

10 Barbera Einfluss von lodin, lodonatriam und Iodoth 3 rin auf der Kreis- 
laufs, Pflugers Arch f d ges Ph 3 siol 79 312, 1911 

11 Goodpasture, E W The Influence of Th 3 roid Products on the Produc- 
tion of M 3 'ocardial Necrosis, J Exper ^led 34 407, 1921 

12 Hashimoto, H The Heart m Experimental H 3 perth 3 roidism yyith Special 
Reference to Its Histolog 3 ’-, Endocrinology 5 579, 1921 
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In an interesting stud} of metabolism of iodine, with paiticulai refer- 
ence to the Ie\ el of iodine in the blood under various conditions, Veil and 
Stuim found an increase of iodine (hyperiodemia) during tachy- 
cardia, and SAinpathetic stimulation b} epinephrine and a decrease 
(h}po-iodemia) in vagus stimulation with pilocarpine and under digitalis 
medication 

Takane^'^ behe\ed that acute nnocaiditis, ])ioduced experimentally 
by inorganic iodine compounds, was caused by the libeiation of free 
iodine and b} the laige amounts of lactic acid present in the actively 
contracting heart muscle 

A summaiy of these studies shows that 

lodothyrin increases the excitability of the vagus and depiessor 
nerves 

Th}roxin produces perivascular and interstitial fibiosis and neciosis 
of the heart muscle 

Sympathetic stimulation causes h}peiiodemia 

Vagus stimulation causes hypo-iodemia 

Experimental iodine myocarditis de\elops because of the excessive 
amounts of lactic acid in heart muscle unbound by protein, uniting with 
inorganic salts and liberating free iodine 

In other words, one may conclude from these and similar studies 
that under certain conditions iodine exerts a positive (harmful?) effect 
on both the regulator} cardiac nerves and the cardiac musculature 

Bearing in mind these conflicting views concerning the frequency of 
the mvohement of the heart in thyroid disease and of the effects of 
iodine and of thyroid substance on heart muscle and cardiac nerves, we 
decided first to direct our attention to the electrocardiographic examina- 
tion m pel sons with th}roid disease In this paper we will present the 
results of an electrocardiographic stud} of patients suffering with vary- 
ing degrees of thyrotoxicosis, the condition at the height of the disease 
before treatment, the changes in the electrocardiogram occurring during 
iodine medication, and the condition follov mg operation 

Hoffman appears to have been the first to describe the high T wave 
m the electrocardiogiam of patients suffering with exophthalmic goitei 
In tv ent} -three patients with the so-called thyrotoxic heart, a high T 
va%e was found in lead II, the height of the wave being proportional to 
some extent to the rapidity of the heart beat Almost a decade later, 

13 Veil, W H, and Sturm, A lodm Metabolism, Deutsches Arch f khn 
Med 147 166, 1925 

14 Takane, K Pathobiogenese der ^l 30 carditis acuta durch organische und 
anorgamsche Jodbmdungen bzv der Basedomoj'okarditis, Virchows Arch f path 
Anat 259 11, 1926 

15 Hoffman, A Die Elekdrocardiographie, Wiesbaden, 1914, p 108 



HAMBURGER ET AL—HEARI IN THYROID DISEASE 39 


Kruinbhaar/'^ apparently unacquainted with Hoffman’s work, descnlied 
“unusually prominent T wa\e m most cases of toxic goiter, which in 
about half the cases were markedly and persistently diminished after 
operation ” In a large senes (377 patients) of electrocardiographic 
obseivations of the heart m exophthalmic goiter and adenoma with 
hyperthyroidism, Willius, Boothhy and Wilson^' refrained from com- 
menting on the height of the T wave, except to call attention to the infre- 
quency (1 per cent) of inversion of the T wave 

Confirmatory, though indirect, evidence of the significance of the 
height of the T wave in persons with hyperthyroidism is available in a 
number of studies of the heart m hypothyroidism In persons with 
m 3 ’^xedema, Zondek found both the P and the T waves practically 
absent, with a gradual return of the waves following thyroid medication 
From observations m four cases, Fahr believed that inversion of the 
T ^^ave in lead I was characteristic of the heart in myxedema, though 
later it became upright under thyroid medication From a study of a large 
series (168) of cases of myxedema, Willius and Haines concluded that 
“actual myxedematous change in the myocardium explains the electro- 
caidiographic abnormalities that disappear with treatment ” The abnor- 
malities referred to are inversion of the T wave m various leads 

PLAN or WORK 

As soon as possible after admission to the thyroid group service, 
patients were placed at complete rest in bed, and control readings of the 
basal metabolism, electrocardiograms, blood pressure determinations and 
distance roentgenographic examinations of the heart were made Fol- 
lowing the completion of this control data, compound solution of iodine 
(Lugol’s solution) was started, 10 minims being given three times daily 
after meals, the foregoing examinations being repeated at fiequent and 
stated intervals during the course of iodine medication After varying 
periods of from two to three weeks, sometimes longer, patients were 
submitted to subtotal th} roidectomy under ethylene anesthesia At cer- 
tain intervals following operation, the foregoing data were again 
obtained Thirty-two cases have been studied, and the data from them 

16 Krumbhaar, E B Electrocardiographic Observations in Toxic Goiter, 
Am J M Sc 155 175, 1918 

17 Willius, F A , Boothby, W M , and Wilson, L B Heart in Exoph- 
thalmic Goiter and Adenoma with Hyperthyroidism, M Clin N Amer 7 189 
(July) 1923 

18 Zondek, A Herzbefunde bei endokriner Erkrankungen, Deutsche med 
Wchnschr 46 1239, 1920 

19 Fahr, G E Myxedema Heart, J A M A 84 345 (Jan 31) 1925 

20 Willius, F A , and Haines, S F Status of the Heart in Myxedema, Am 
Heart J 1 67, 1925 
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will be presented in collective foim Electrocardiograms and drawings 
enlarged to scale illustiating the most significant observations aie 
appended 

RESULT 

Tachjcaidia was present before treatment in practically all cases, the 
pulse late being loughly piopoitional to the severity of the thyrotoxicosis 
and the le\el of the basal metabolism The T wave was increased in 
height in seveial cases, but the mciease was not uniform and appaiently 
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Fig 1 (case 3) — Mildred R, a schoolgirl, aged 15 j'^ears, simple (adolescent?) 
goiter for past j^ear, with sudden severe exacerbation two weeks before admission 
(acute exophthalmic goiter) during iodine medication Increase of Ta during 
administration of iodine with signs of decompensation Slight improvement with 
digitalis Deatli immediatel} following tlwroidectom}" Pathologic examination 
showed luperplasia of the thjToid with colloid invasion, focal areas of Iwperplasia 
and moderate fibrosis 


had little if any relation to the pulse rate Pieliminaiy lest in bed -with- 
out iodine lesulted in a slight decrease in the pulse and basal metabolic 
1 ates, but w^as wnthout effect on the height of the T -wave In most cases, 
iodine caused a varying degree of depression of the basal metabolic and 
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the pulse rates and in the majority of instances, a lowering of the T wave 
There were, however, many exceptions to the latter, several cases not 
showing an apparent change One showed a slight increase in height and 
one a marked increase with increase in the pulse rate and signs of decom- 
pensation In some cases, changes in the T wave were the only ones 
observed, others showed a pioportional decrease m the height of the 
P Avaie and still others, a decrease in the height of all waves 

The effects of thyroidectomy were more unifoim The T wa\e 
became definitely lower m most instances following opeiation, the degree 
of lowering being loughly proportional to the level of the basal 
metabolic and pulse rates, iirespectne of the height of the wave prior to 
operation and iodine medication This postoperatue depression 
lemained permanent in most instances, as long as the patient remained 
under observation, although two cases finally showed a gradual return to 

p 

4 ^ 4 ^ 
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1/16/27 509+ 2/1/27 357+ 360K 
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?/5/27 336+ 480M’ 2/15/27 504+ ;80MP 5po 

Fig 2 — Enlarged drawing (to scale) of electrocardiographic complexes (lead 
II, fig 1), showing changes in T wave during iodine medication and following 
thyroidectomy (4) Enlarged drawing showing (a) the date curve was made, 
(fi) basal metabolic rate, (c) amounts of compound solution of iodine (Lugol’s 
solution) administered up to that time expressed in minims 

the preoperative level In two cases, the lowering of the wave pro- 
gressed to a definite iinersion, the basal metabolic rate meanwhile not 
showing a proportional decrease The degree of inversion of the T wave 
varied at definite periods following operation with, howevei, a gradual 
return to a point just below the preoperative level 

In the two cases showing inversion of the T waie, the negativity 
occurred after a rather long iso-electric period from the foot of the 
R wave, what might be called delayed inversion This type of inrersion 
IS in contrast to the immediate inversion of the T wave from digitalis, 
and the “cove”-shaped T wave of coronar}’- occlusion 

While in most cases the changes in the T wave were most striking, 
several cases showed parallel changes in the other Avaves In practically 




F:g 3 (case 4) Miss Bertha S , a school teacher, aged 47 Toxic adenoma of eight years’ duration, with severe acute exacer- 
bation of symptoms (sympathetic nervous system) for the past three to four months Unusually high T waves occurred in all leads 
during administration of small amounts of iodine, with marked decrease eleven days after thyroidectomy, with still fuither lowering 
of Ta thirty-four days after operation 
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all instances, as the T A\a-\e deci eased in height the R-T inteival 
lengthened, and conversel}^ 

In searching foi an explanation of the souice of these obseived elec- 
tiocardiogiaphic changes, one must consider certain facts and chaiacter- 
istics concerning the T wave Without attempting to discuss at length 
the vaiious theories and beliefs conceinmg the nature of the T wave, 
both expel imentally and chnicall}', all that we wish to call attention to 
IS the geneiall) accepted fact of the extreme lability of the T wave, a 
phenomenon obsei i ed and commented on by all ivorkei s in this field 

■R 

1 2 
[Z/Zl/26 24 4+ //24/27 II po 

Fig 4 — Enlarged drawing (to scale) of electrocardiographic complexes (lead 

II, fig 3), showing high peaked T: and a basal metabolic rate of 24 4+ before 
treatment, vith decrease m height of T 2 occurring eleven dais postoperatnely 
(subtotal thyroidectomy) 

I 

, 12/27/26 244 + 

Fig 5 — Enlarged drawing (to scale) of electrocardiographic complexes (lead 

III, fig 3), shoving high peaked Ts before treatment with marked lowering 
(almost to iso-electric line) of Ts, thirty-four days postoperatively, with a basal 
metabolic rate of 3 7 per cent minus 

To quote from Lewis 

It IS agreed bj" most workers that in its direction and form, T is much less 
stable than are the initial (ventricular) deflections Thus vagal or sympathetic 
stimulation may exert a profound influence on the end deflection though the initial 
deflections are affected slightly Many poisons act similarly As Cohn and lus 

21 Katz and Weinman The Relation of the T Wave to the Asjmchronism 
Between the Ends of Right and Left Ventricular Ejection, Am J Physiol 81 360, 
1927, found “no consistent relation between changes m the T wave and variations 
in synchronism of the end of right and left ejection ” 

22 Lewis, T The Mechanism and Graphic Registration of the Heart Beat, 
ed 3, London, Shaw & Sons, 1925, p 120 





Fig 6 (case 6) — Mts Anni J, housewife, aged 62 Toxic symptoms of one year’s dmatioii following mfliien/a, with attacks 
of paiQxysmal fibrillation and sino-aiincular block T waves low throughout — iso-electric in lead III , No change after iodine, 
quinidine or digitalis medication Inveision of the T wave occuircd in all leads, following thyroidectomy 
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co-workers “ ha\ e show n, an earlj’- effect of digitalis intoxication in man is to 
invert T deflection, QRS remaining unchanged 

The reference to vagal and s}mpathetic stimulation emanates largely 
from the experimental observations of Rothberger and Wmterberg 
The accompanying table (taken from Tigerstedt -■*) summarizes their 
most important conclusions 


Summaiy of Conclusions of Rothbci get and Wintcibci g 
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Fig 7 — Enlarged drawing (to scale) of electrocardiographic complexes, all 
leads (fig 6), showing inversion of T wa^e in all leads, fifteen da}'s postopera- 
tive! j (thjToidectom}0 


On the basis of these results it is suggestne that the obser\ations 
described, resulting from iodine medication and following th} roidectomy, 
are due, at least m part, to variations m vagal and s}mpathetic (accelera- 
tor) tone These variations m tone are probably due, in the first 
instance, to the effects (hypertonicity of the thyrotoxicosis on the 
regulatory ner\es , the later changes, to the modifying influence of iodine 
and thyroidectomy These results bring additional evidence to support 
the Mew, long held, that increase and sanation m sympathetic and vagal 

23 Cohn, Fraser and Jamieson Influence of Digitalis on the T Wave of the 
Human Electrocardiogram, J Exper Med 21 593, 1915 

24 Tigerstedt Die Physiologie des Kreislaufer, Berlin and Leipzig, Walter 
De Gru 3 'ter & Co , 1923, vol 2, p 400 





Fig 8 (case 8) — Mrs E O A, aged 38, a housewife Toxic adenoma with sudden onset one 
\ear before presentation Normal T wa-\es at onset, with marked lowering during admimstration of 
compound solution of iodine (Lugol’s solution), progressing to imersion immediateh following 
th\ roidectom\ , imersion continuing for three weeks postoperatn el}', with lar^nng degrees ot nega- 
tnit}, becoming iso-electric and diphasic eight weeks following operation 
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tone aie featuies in the symptom complex of hypeithyioidism and piob- 
ably explain the electi ocai diogi aphic changes seen dm mg the couise of 
medical and suigical tieatment 

These results do not permit any definite conclusions to be diawn as 
to the effects of thyrotoxicosis on heait muscle, and while we feel that 
such IS undoubtedly the case, objective evidence suppoiting this view 
must be sought from other sources Whethei iodine can pioduce similar 
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Fig 9 — Enlarged drawing (to scale) of electrocardiographic complexes (lead 
II, fig S), showing marked lowering of T wave following administration of 162 
minims of compound solution of iodine (Lugol’s solution), with inversion of T 
wave postoperatively 



Fig 10 — Taken from Tigerstedt (Die Physiologic des Kreislaufes, Berlin and 
Leipzig, Walter De Gruyter & Co , 1923, vol 2, p 400) , showing changes m the 
electrocardiogram resulting from nerve stimulation a, normal high vagal tone, 
b, normal good accelerator tone , c, effect of absence of accelerator tone , d, stimu- 
lation of right stellate ganglion and e, stimulation of left stellate ganglion 


cardiac changes m normal peisons cannot be definitely answeied at this 
time In two contiol patients included m this series, the results are con- 
flicting, one showing similar changes in the T wave, one not showing any 
changes (fig 11) We plan a laiger series of contiol cases m the near 
future 




Fig 11 — Administration of compound solution of iodine (Lugol’s solution) caused slight deciease in the T wave in all leads 
of the first normal person (Miss J), but no change in the second (Miss O) The basal metabolic rate remained stationary in both 
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Our obseivations likewise laise the question whethei some pait of 
the favoiahle influence of iodine medication in peisons with hypeith}- 
loidism may not he due to diiect effects on the sympathetic and vagus 
system, independent of its effect on the thyioid, oi possibly on these 
nerve stiuctuies thiough and by way of the thyioid oi possibly both 

While, as we have stated, these lesults do not peimit the di awing of 
definite conclusions legaiding the heait muscle, it is of couise obvious 
that a possible factoi in the explanation of these electiocardiogiaphic 
changes is the effect of toxic thyroid substance and iodine on heart 
muscle In oidei to leach a definite decision legaiding this, we aie 
having lecouise to diiect expeiiment on animals as well as fuithei work 
111 the clinic concerning the use of barium chloiide and ati opine, which 
will be lepoited later 

The likelihood that diminution and inveision of the T wave may be 
caused, at least to some extent, by the effects of iodine on heart muscle 
appeals likely fiom the effects of other diugs on the T wave, notably 
digitalis If this IS so, it would mean that iodine and lodothyim may 
cause alteiations in the muscular state of the heait The preponderance 
of electrical activity peisisting longei in the legion of the apex than at 
the base, that is to sa}’’, the gi eater electiic activity near the apex, would 
account foi apex negativity and consequent inveision of the T wave 

CONCLUSIONS 

1 Iodine medication (compound solution of iodine [Lugol’s solution] ) 
in hypeith 3 'ioidism results in most instances in diminution of the height 
of the T wave of the human electiocaidiogiam 

2 The lemainmg cases did not show any change m the T wave A 
few showed an increase in the height of the T wave In one of the lattei, 
symptoms of decompensation developed coincidentally 

3 Subtotal thyroidectomy is followed by an even gi eater loweimg 
of the T wave, in two cases piogiessing to inveision 

4 Deciease m the basal metabolic rate pioceeds parallel to a deciease 
in the height of the T wave following iodine medication and thy- 
roidectomy 

5 The vaiiations m the height and foim of the T wave desciibed 
are probably to be explained both by vaiiations m tone of the legulatory 
cardiac nerves (vagus and sympathetic) as well as by alteiations in the 
muscular state of the heait 

6 Inveision of the T wave following thyi oidectomy appeals as a 
delayed inveision, m contiast to the immediate inversion occtiirmg after 
the administiation of digitalis and the cove-shaped inversion of coionary 
occlusion 



SPECIFIC SERUM TREATMENT IN CHRONIC 
ULCERATIVE COLITIS-^ 

J ARNOLD BARGEN, MD 

ROCHESTER, MINN 

Vaccine prepared from the diplostreptococcus, which I isolated in 
1924 ^ and which appears to have etiologic significance, has been shown 
to be of value in the treatment of patients with chronic ulcerative colitis 
Various repoits have appeared m the literature on the results of treat- 
ment m isolated cases, and the treatment has been used in a considerable 
number of unselected cases in the Mayo Clinic The treatment has been 
most successful in cases of chrome invalidism in which the temperature 
IS normal or nearly normal, the secondary anemia is onlj’- moderate and 
the disease has run a progressive downward couise, yet apparently 
leaving in the patient a fighting reserve The vaccine apparently has 
little value in the small group of cases in which symptoms of the 
disease develop lapidly as an acute fulminating illness, with fever, 
leukocytosis, abdominal cramps, tenesmus, many bloody, purulent rectal 
evacuations and rapid wasting In these cases the patient’s protective 
forces are taxed to the utmost by the infection, and further call on the 
mechanism of antibody formation goes unanswered 

The first attack of acute ulcerative colitis or acute exaceibation of 
chronic ulcerative colitis is striking and chai actenstic The patient is 
acutely ill, the fever is septic, the abdomen is diffusely tender, there may 
be cold perspiration, the facies is frequently anxious and severe cramps 
may accompany the frequent rectal discharges Often the patient com- 
plains bitterly of soreness and tenderness of the anus The proctoscopic 
picture IS pathognomonic, and an experienced proctologist does not con- 
fuse it with that of an}r other rectal disease This is the stage of intense 
edema and h}peieinia with myriads of miliary abscesses studding the 
mucosa, some of which have broken down to form minute ulcers By 
carefull} cleansing and, as nearly as possible, sterilizing the rectal mucosa 
through an anoscope, the tip of a minute Pasteur pipet ma)’’ be inserted 
into any of the minute abscesses and a tiny drop of pus withdrawn 
•which contains the diplostreptococcus of chronic ulcerative colitis^ 
(% 1 ) 

Submitted for publication, July 26, 1928 

From the Division of Medicine, The Ma 3 'o Clinic 

1 Bargen, J A Experimental Studies on the Etiologj^ of Chronic Ulcera- 
tne Colitis Prelimmarv Report, J A M A 83 332 (Aug 2) 1924 

2 Bargen J A The Medical Management of Chronic Ulceratne Colitis, 
A Statistical Studv of 200 Cases, Tr Am Gastro-Enterol A , 1927, p 145 
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Roentgenogi ams by baiium enema also piesent cliaiacteiistic signs 
Intense spasm permits baiiuni to entei the colon only with difficulty and 
causes its lapid expulsion (fig 2) 

Passive immunization of a patient with such a fulminating infection 
against the causative oiganism seems lational With this idea m mind 
and for the pm pose of producing a seium of diagnostic value, an efitoit 
was made to seem e an immune sei um m horses Rosenow pi epared the 
seium by injecting two horses with increasing doses of freshly isolated 
strains of the diplostreptococcus and by using seveial of these aftei 
preseivation in dense suspensions m a mixtuie of two paits of glycerine 



Fig 1 — The diplostreptococcus of chronic ulcerative colitis , X 1,000 


and one part of saturated sodium chloiide solution during the peiiod of 
immunization (fourteen and nine months, respectively) This method 
has been shown to pieserve specificity of streptococci for a long time, 
and for this reason Rosenow has used it in the prepaiation of poliomye- 
litis, encephalitis and other antistieptococcus serums The seium was 
not used for tieatment until aftei immunization had been continued foi 
five months, and until it had a high agglutinating and precipitating titer, 
as well as protective powei against the expeiimental disease in rabbits ^ 
Intravenous injections weie given on thiee successive days each week, 
beginning with twenty-five billion dead organisms The dosage was 


3 Results along these lines to be published elsewhere 
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gradually increased to two thousand billion organisms After immuni- 
zation had been continued for two and four months, respectively, live 
organisms were given Bleedings were made from seven to ten days 
after the last previous injection, at intervals of from three to six weeks. 



Fig 2 — Topical roentgenogram b> barium enema in a case of acute ulcerative 
colitis of the chronic ulcerative colitis tjpe 


depending on the condition of the animal The bleedings were made 
in a sterile manner from the jugular vein The serum was drawn from 
the clotted blood after squeezing the clot with tinned weights for from 
twenty-four to fort} -eight hours Two-tenths per cent cresol was 
added as a preservative It was proved sterile by making aerobic partial 
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tension and anaeiobic cultures ‘ and proved nontoxic by intravenous 
injection into guinea-pigs 

In eleven cases, deep muscular injections of the serum were given m 
repeated daily increasing doses over a peiiod of from thiee to six days 
In eight, what was considered an adequate amount was given Foui 
subjects weie not suitable for treatment by serum , the condition in these 
cases was chionic, and the patients had not responded to othci means 
of tieatment In the seven acute cases m which adequate amounts of 
seitim weie given, two patients weie clinically well and have been so 
foi seven and twelve months, respectively The othei five patients were 
permanently improved, the fever subsided, the blood m the stool 
decreased oi stopped and movements were reduced to a minimum, but 
none was entirely leheved fiom symptoms Three patients were able to 
carry on their business Two patients died, one of these was improved 
by the serum but died at his home seveial months later from advancing 
chronic disease, the othei died after ileosigmoidostomy for a suspected 
malignant condition, the disease had spiead to the ileum and teiminated 
finally m multiple perforations and peritonitis 

It should be noted that the condition in all seven cases was an acute 
fulminating ulcerative colitis A few years ago ileostomy was perfoimed 
m such cases with a high moitality late as the result In at least six of 
the seven cases, ileostomy was not necessary because the seium was 
used In the present state of knowledge ileostomy must still be per- 
formed in certain cases, but it is not always easy to decide the proper 
time for peifoiming it If the patients survive the operation, the 
ileostomy may be permanent Since the use of vaccine prepaied from 
the diplococcus of chronic ulcerative colitis and the use of the specific 
immune serum, ileostomy has become limited to a few advanced cases 
in which leserve apparently has been so depleted and in which theie 
is so much destiuction of tissue that antibodies cannot develop apace 
with infection, and to cases with such complications as malignant growth, 
stricture and perforation 

Early diagnosis of chronic ulcerative colitis is imperative A care- 
ful proctoscopic examination should be made by a competent proctologist 
in all cases of diarrhea Removal of foci of infection and the adminis- 
tration of vaccine or serum m the propei cases promises a control of this 
dreaded disease 

REPORT OF CASES 

Cask 1 — A man, aged 52, a dealer in coal and ice, came to the Mayo Clinic 
on Nov 15, 1926, with a history of bloody diarrhea (discharges about every hour) 
with general abdominal cramping of six weeks’ duration The leukocytes inim- 

4 Rosenow, E C Studies on Elective Localization Focal Infection, with 
Special Reference to Oral Sepsis, J Dent Research 1 205, 1919 
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bered 26,000 He had lost 40 pounds (181 Kg) m weight m six weeks The 
temperature was from 99 5 to 100 F The Wassermann reaction of the blood was 
negative Gastric acids w^ere 60 and 48 The urine was normal Sputum and 
smears from the rectal discharge did not disclose acid-fast bacilli Parasites or 
01 a were not found m the stool The tonsils were infected, and one tooth contained 
periapical abscess The proctoscopic picture was tliat of rather active chronic 
ulceratne colitis, tlie rectal mucosa was studded witli innumerable small ulcers, 
and the mucosa bled easih Roentgenograms of the colon were negatne 

The patient was gnen injections of filtrate prepared from the diplococcus of 
chronic ulceratne colitis in increasing doses everj' third or fourth daj' He also 
received tincture of iodine, 10 drops to a dose, for a few dais He was dismissed 
on December 10, when one or two formed stools were being passed daili He was 
instructed to continue the treatment b}-- filtrate at home and to haie his tonsils 
removed On February 5, he reported by letter that he had a slight exacerbation 
of trouble , tins greiv worse gradually, and he returned to the clinic on Februarj" 12 
About thirty bloodj , purulent stools were being passed ei erj tw enti -four hours 
On Februar 3 ’’ 14, the proctoscopic picture ivas tliat of acute seiere exacerbation 
of the disease From February 15 to 19 inclusive, 15, 20, 30, 33 and 50 cc of 
concentrated immune serum of chronic ulcerative colitis ivas given On Feb- 
ruarj'- 21, folloiving a three-dai' gradual decrease in stools, one formed stool ivas 
passed The proctoscope on February 22 shoived the mucosa of tlie sigmoid to 
be normal and that of the rectum greatlj improied The patient ivas dismissed 
from observation on Februarj 26 clinically well, and was gnen an autogenous 
filtrate to take at home He remained well and returned for tonsillectomi on 
April 22 An eighteen hour culture of the macerated tonsils was injected into two 
rabbits, one rabbit in ivhich lesions ivere not demonstrable elseivhere in the bodi, 
died in fortj'-eight hours from acute ulceratne colitis, the other rabbit suffered 
from diarrhea but recoiered The proctoscopic examination on April 28 shoived 
the mucosa of the bowel to be entireli normal with only a tendencj to bleed on 
trauma From February 22 to April 22, the patient gained 22 pounds (10 Kg ) 
He was instructed to continue treatment bj"- filtrate for several months 

In a letter written on October 10, the patient stated that he ivas still well The 
serum reaction came three iveeks after the first injection of serum as seiere urti- 
caria Except for one slight upset, which lasted two weeks, and ivhich was 
promptli controlled bj vaccine, this patient has not had am diseased condition of 
the bowels for a jear 

Case 2 — A woman, aged 27, a farmer’s wife, came to the Alajo Clinic on 
Llarch 15, 1927, complaining of bloodi diarrhea of five months’ duration This 
condition had started with ten to tivelve soft bowel moiements dail}% the stools 
containing mucus, pus and blood On admission she felt weak and had a poor 
appetite The temperature was 99 F at 2 30 p m The tonsils were infected 
but the results of the examination otherwise were negatne The hemoglobin 
content was 65 per cent the Wassermann reaction of the blood and tests of the 
urine ivere negative In three stools examined on three successne mornings, 
parasites or oia ivere not found Roentgenograms showed that the teeth were 
normal A roentgenogram of the colon shoived that the disease ini oli ed the colon 
to the splenic flexure The proctoscopic picture showed marked diffuse liiperemia 
and edema, with innumerable minute ulcers, graded 2 At this time the patient 
was passing from twelie to fifteen rectal discharges daili 

The patient was hospitalized and gnen file deep muscular injections of the 
concentrated immune serum of chronic ulceratne colitis, that is, 15, 20, 30, 40 and 
50 cc oier a period of fiie dais She had serum sickness with marked urticaria 
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and pains in the joints, beginning three days after the last injection, ^\hlch lasted 
five dajs Three days after the last injection of serum, the rectal discharges 
averaged two daily, there was no trace of blood She was dismissed and urged to 
have her tonsils removed after three weeks She was free from symptoms until 
June I, at W'hich time mild symptoms gradually returned The tonsils had not been 
removed An autogenous vaccine prepared from the diplococcus isolated from the 
ulcers in the rectum was given After fifteen injections the symptoms subsided 
The vaccine w'as continued and on September 27, the patient again reported that she 
was free from symptoms The tonsils have not been removed There has not 
been a recurrence for seven months, and the patient is clinically well 

Case 3 — A man, aged 23, came to the ilayo Clinic on Dec 29, 1926, complain- 
ing of bloody, purulent diarrhea of seven months' duration He was brought on a 
stretcher and was extremely emaciated He had lost 35 pounds (15 9 Kg ) within 
SIX months There were from ten to fifteen daily rectal discharges — ^Iie also suf- 
fered from acute polyarthritis 

Examination repealed the patient to be extremely ill, W'eak and anemic, with 
severe perianal ulceration The hemoglobin w'as 50 per cent Results of urinalysis 
were negatne Gastric analysis show'ed total acid 24 and free acid 10 A culture 
of the blood was negative on Jan 3 and 11, 1927 Roentgenograms show'ed the 
teeth, chest, kidneys, ureters and bladder to be normal There was a small tonsillar 
tag A roentgenogram of the colon showed a lesion of the entire descending colon 
suggesti\e of polyposis Results of examination of eight successive stools on as 
many mornings were negative for parasites and ova Culture of the rectal ulcers 
re%ealed nearly a pure culture of diplococci of the morphology of those found in 
chronic ulcerative colitis The proctoscope above the extensive anal ulceration 
showed normal mucosa up to the lower part of the sigmoid, wdiere the picture w'as 
that of acute ulcerative colitis Prostatitis graded 4 w^as present 

For several months attempts w'ere made to clear up the perianal ulceration wnth 
local applications and various systemic medications, including cod liver oil, Blaud’s 
pills, tincture of iodine, morphine, bismuth, gentian violet and an autogenous 
vaccine, when these faded, the patient was given deep muscular injections of 15, 
20, 20, 20 and 30 cc of the immune serum of chronic ulcerative colitis from April 
7 to 11, inclusive From December until April, the temperature ranged from 99 F 
to 102 F daily The immediate reaction from the serum w’as the slight daily 
elevation of temperature, from 102 to 103 F Three days after the last injection 
of serum was given, the temperature receded to a maximum of 99 F and was 
usually normal for four days On April 17, the temperature went to a maximum 
of 101 F and reached this point almost daily for several w'eeks There was 
gradual improvement, and the patient was finally dismissed on May 2, in fairly 
good health 

Sickness from the serum, as marked urticaria, began two days after the last 
injection of serum was given, and lasted for four days The patient w^as given a 
filtrate to be administered subcutaneously at home He returned August 5, definitely 
improved and w'eighmg 136 pounds (61 7 Kg ), a gain of 9 pounds (41Kg ) since 
his dismissal During the months he was at home he w’as up and about daily He 
returned on October 4, wnth a history of marked general improvement but severe 
abdominal cramps in the upper part of the abdomen preceding each bowel mo\e- 
ment, of which he averaged tw'o m tw^enty-four hours The average during the 
severe illness w^as from ten to fifteen A roentgenogram of the colon at this time 
showed a filling defect at the hepatic flexure, which was thought to be malignant 

Exploration was carried out on October 13 An ileosigmoidostomy w-as made, 
with the idea of performing hemicolectomy'^ later The surgeon believed that the 
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gro\Mh uas malignant Grosslj, there was the typical picture of healing following 
chronic ulcerative colitis of the descending colon, w^hich was narrowed and fibrouJ 
Following ileosigmoidostomj, simptoms of colitis recurred The patient died five 
weeks later of multiple perforations of the small intestine, the colitis having 
extended since the ileosigmoidostomy up the ileum to involve about half of the 
ileum and parts of the jejunum There w'ere several small acute ulcers in the 
stomach 

Case 4 — The patient w'as a woman, aged 25, wdiose trouble had begun insidi- 
ously one 3 ear previously During the first six months, defecation took the form 
of a discharge of bloody, purulent material, the number of stools averaged six 
daily Then the number increased to an average of fourteen, with more bright 
red blood and mucus and pus That number had not increased by the time of 
admission The patient had lost 48 pounds (21 8 Kg ) in w'eight during the two 
y^ears 

On admission, Aug 24, 1927, the patient complained of cramps in the low'er 
part of the abdomen and a griping pain before defecation The temperature was 
99 6 F , and the pulse rate 120 A roentgenogram show'ed a periapical abscess 



Fig 3 (case 4) — Portion of the hospital chart, show'ing temperature and pulse 
cur^e, decrease in evacuations from the bow'el and gain in w^eight following the use 
of immune serum 


The leukocytes on two occasions numbered 10,400 and 14,200 The proctoscopic 
examination resulted in a diagnosis of chronic ulcerative colitis, graded 2 -j- The 
wall of the bowel showed uniform involvement, wuth contraction to about a third of 
its normal diameter The roentgenogram of the colon by barium enema showed 
that the colon w'as narrow^ed and nonhaustrated up to the splenic flexure, indicating 
that the disease involved at least that portion of the large bowel from the anus 
to the splenic flexure 

The patient appeared ill and was admitted to the hospital where she remained 
for thirty -SIX days The rectal discharges ranged between fourteen and twenty^- 
four in twenty -four hours She improved gradually and was dismissed October 5, 
she had gained weight and was feeling better The discharge had decreased in 
frequency 

After a week at a boarding house she contracted acute pharyngitis and rhinitis, 
with fever, followed by severe abdominal distress and a great deal more blood in 
the stools She was again admitted to the hospital and during the next ten days 
was extremely ill (fig 3) The number of discharges from the bowel increased. 
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abdorninal pains were severe, and the fever ranged between 102 and 104 5 F daih 
The hemoglobin w^as 55 per cent, erythrocytes numbered 3,330,000 and Icukocvtes 
on two successive counts numbered 15,200 and 22,900, with 79 and 71 per cent 
polj morphonuclear neutrophils Results of a roentgen-ray examination of the 
chest were negative, as were those of repeated urinalyses The Widal test was 
negatne Repeated tests of the stools for acid-fast bacilli were negatne Nothing 
unusual was observed except the grave illness and the acutely tender, flaccid 
abdomen Ileostomy was considered on the ninth day after admission, but the 
idea was abandoned 

On the tenth day a positn^e blood culture of the diplococcus of chronic ulcera- 
tive colitis was obtained, and serum treatment was begun immediatel> The first 
injection consisted of 1 cc given intracutaneously as a desensitizing dose T\vo 
hours later, 5 cc w'as injected deeply into the muscle, six hours later, 15 cc , 
ttt ent} -four hours later, 25 cc , twenty-four hours later, 28 cc , and tw^enty-four 
hours later, 40 cc Twentj-four hours after injections on the first day, the tem- 
perature dropped to normal and during the following tw'o weeks did not rise above 
100 5 F , the last six days in the hospital the temperature was about normal The 
discharges from the bowel gradually decreased so that on dismissal, No\ ember 13, 
they averaged four in twenty-four hours The rectal discharge had not contained 
blood for ten da}s The last ten da 3 s the patient gained 7 5 pounds (29 Kg) 
and was feeling w'ell 

Nine dajs after the last injection of serum, 0 1 cc of an autogenous sensitized 
vaccine prepared from the diplococcus isolated from the patient’s blood was given 
subcutaneously, and thereafter until dismissal an injection was given e\ery third 
daj On November 28, the tooth with a periapical abscess was removed with 
aseptic precautions Culture of the abscess juelded a diplococcus morphologicallj 
and biologically like that obtained from the blood during the severe illness When 
this was injected intravenously into two rabbits, acute ulcerative colitis developed 
in one and marked diarrhea in the other 

Besides the treatment wuth immune serum during the acute exacerbation of the 
chronic ulcerative colitis and with sensitized vaccine later, a focus of infection was 
removed, and a high-caloric, low-residue diet was prescribed, which was gradually 
increased to a liberal, nourishing diet 

Case 5 — A man, aged 59, came to the Maj'-o Clinic on April 2, 1926, with a 
history of a duodenal ulcer dating back to 1916 or 1917, which had been fairly 
well controlled by medical treatment Three and a half months previously, he 
had begun to have watery diarrhea which had gradually changed to passages of 
mucus and pus, a maximum of eight passages in twentj -four hours He had lost 
30 pounds (13 6 Kg ) m weight The blood counts were essentially normal except 
for 5,000 leukocj tes, of which 48 5 per cent were neutrophils Gastric analysis 
after a test meal showed total acid 60 and free acid 48, the amount was 30 cc 
The Wassermann reaction of the blood was negative Results of urinalj^sis were 
negative Acid-fast bacilli were not found in the stools or smears of the rectal 
ulceration In three tests of the stools, on as many mornings, parasites or ova 
were not found A dead tooth was found, and the tonsils were slightly enlarged 
Proctoscopic examination showed the tj'pical picture of chronic ulcerative colitis 
A roentgenogram of the stomach showed a duodenal ulcer A roentgenogram of 
the colon showed that the process involved the entire colon Repeated attempts 
failed to isolate the diplococcus through the proctoscope 

The dead tooth was removed on April 13, and tonsillectomv was performed on 
April 26 A diplococcus was isolated of the morphology of those usually found 
m the rectum, which was agglutinated by the horse serum, and a vaccine w'as 
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prepared The patient was given an autogenous filtrate, and he gradually improved 
Alternating with the autogenous vaccine, he was given a mixed filtrate so that 
when he was dismissed June 10, 1926, he was getting 1 5 cc of each alternately 
He also received tincture of iodine, 10 drops to a dose, one week in every three, 
and kaolin as necessary He continued treatment with vaccine at home and 
gradually improved until about the middle of November, when he became worse 
and was given four injections of neoarsphenamine (0 9 dg ) After the second 
injection, he was definitely better, but from then on he became steadily worse 
The injections were given once a week By the end of February, 1927, bloody 
stools averaged from twenty to twentj'-five in twenty-four hours, and these were 
accompanied by fever and all the symptoms of a severe acute exacerbation of 
chronic ulcerative colitis The proctoscope confirmed this At this time the usual 
diplococcus was isolated which was agglutinated in high dilutions by the serum of 
the two horses immunized He was given 1 cc of the immune serum (concen- 
trated) mtracutaneously and two hours later 10 cc On the four successive days, 
he was given 20, 30, 40 and 50 cc of the serum deep in the muscle Within a 
week the number of stools had reduced to eight or ten in twenty-four hours, 
and the blood gradually stopped Then he had a severe serum sickness m the form 
of urticaria, which lasted ten days A fresh vaccine was prepared from the 
organism isolated from the rectal ulcers, and this was given m gradually increasing 
doses The proctoscope on April 14 showed activity graded 2 -{- The patient 
gradually improved, receiving, besides the vaccine, gentian violet in tablet form, 
alternating with tincture of iodine and bismuth submtrate as necessary He was 
dismissed on July 25 , the average number of stools was about six a day and he 
had gained considerably in weight In a general way he was feeling much 
improved In a letter written on October 1, he stated that he was still slowly 
improving The form of treatment after his dismissal consisted of administration 
of the autogenous vaccine at regular intervals, alternating with gentian violet and 
tincture of iodine 

Case 6 — A woman, aged 21, came to the Mayo Clinic on Dec 10, 1924, with a 
history of abdominal pain of five months’ duration, so severe that it doubled her up 
The pain was followed by loose stools mixed with bright red blood There were 
between six and seven discharges during the day and several at night In the 
five months, she thought that there was blood in every stool The pain was con- 
stant and described as tearing, with griping when stools were passed, and was 
worse after meals There had not been fever or chills She had lost 10 pounds 
(4 5 Kg ) The symptoms had grown worse during the last three weeks On 
admission the blood count and the urine were essentially normal The Wasser- 
mann reaction of the blood was negative The proctoscope showed ulcerative 
colitis, beginning in the sigmoid, the first 20 cm of the rectum being essentially 
normal A roentgenogram of the colon showed a lesion of the colon, from the 
cecum to the sigmoid, and chronic ulcerative colitis was diagnosed Because of 
the possibilit}’’ of tuberculosis, exploration was advised Acid-fast bacilli were 
not found m the stools, and a culture was not made 

On Dec 29, 1924, ileostomy was performed for chronic ulcerative colitis, it 
was suggested that ileosigmoidostomy might be performed later, as the sigmoid 
seemed normal The patient gradually recovered, went home and was fairly well 
until June, 1925 On Sept 1, 1925, she returned with a history of gradual failure 
and four se\ere rectal hemorrhages, four days previously The hemoglobin at 
this time was 60 per cent The roentgenologic diagnosis was chronic ulcerative 
colitis The proctoscope showed the sigmoid full of thick, bloody pus Colectomy 
was performed on September 3, the pathologic diagnosis was polyposis of the 
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cecum ascending colon and part of the trans\erse colon An abscess dc\ eloped 
later in the abdominal caMtv and was drained on October 7 The patient was 
dismissed on December 16 impro\ing, and was gnen some laccine to take at home 
She returned on Oct 19, 1926, at w'hich time the proctoscopic picture was that of 
chronic ulceratne colitis, the activih of which was graded 1 + She was sent 
home again and gnen more laccine She returned Feb 15, 1927, at which time 
the mucosa seemed to be m good condition, and she stated that she had not had 
symptoms for months There was no discharge from the rectum except bv irriga- 
tion (which she carried out from one to three tunes a week) She had gained 
40 pounds (18 1 Kg ) in the jear since the last operation Ilcosigmoidostomy w'as 
performed on Feb 24, 1927 She left the clinic March 22 m splendid condition 
She returned eight dais later suffering trom an acute exacerbation of the colitis 
wdiich included the rectum and sigmoid, and extended into the ileum, and during 
the followung fiie dais was given 15, 20, 30, 30 and 40 cc of the immune serum 
of chronic ulceratne colitis Before this her temperature had ranged betiveen 
101 and 102 F , and there were many bloodi rectal discharges There was a 



Fig 4 (case 7) ■ — Portion of hospital chart 

definite decrease in the amount of blood m the stools and in the number of stools 
after the serum ivas administeied, and improvement continued for a week From 
April 4 to 12, she suffered from a severe serum sickness, ivith temperature as high 
as 102 F , accompanied by sei ere urticaria She gradually improi ed until 
September 1, from this time on, however, failure ivas progressive and she died 
September 21 This case is another illustration of the futility of ileosigmoidostomi 
for chronic ulceratne colitis 

Case 7 — A ivonian, age 37, ivas brought to the hospital in an ambulance 
Dec 29, 1927, ivith a historj’- of bloody diarrhea of ten years’ duration During 
the four months previous to admission, the condition had been unusually severe, 
confining her to bed She had lost 13 pounds (5 9 Kg ) in four months Rectal 
discharges occurred three or four times everj'’ hour and could not be controlled 
The proctoscopic examination revealed the usual picture of chronic ulceratne 
colitis A roentgenogram shoived miolvement of the entire colon The tempera- 
ture ivas 103 F The hemoglobin ivas 56 per cent, the erjthrocjtes numbered 
3,540,000 and the leukocytes 9,900 

From January 1 to 4, the patient (fig 4) ivas given successively 1, 5, 10, 20, 30 
and 40 cc of the immune serum of chronic ulceratne colitis The first three injec- 
tions ivere given on the first day, the first intracutaneously, the others deep 
muscularly By January S, the temperature had dropped to 99 5 F and i aried 


60 


ARCHIVES OF INTERNAL MEDICINE 


between 99 and 100 F until a transfusion w'as given on January 13 Several dajs 
after the transfusion the symptoms again receded The number of stools dropped 
to an average of ten m twenty-four hours until January 27, wdien a subacute 
perforation developed The course was then stormy for ten days At the end of 
this time the temperature receded On February 15, vaccine treatment was begun 
The patient w^as dismissed on March 18, the temperature had been normal for a 
w^eek, there were seven stools m twenty-four hours, and she was gaining weight 
and W'as generall}' improved Further treatment consisted of the use of vaccine 
and a nourishing, high-caloric and high-vitamin diet , improvement has been 
progressive 

COMMENT 

In all cases m which the serum was given, theie was definite 
improvement in the general condition The increase in weight soon 
after institution of treatment with serum is significant The seium 
seemed to have definite neutralizing power of the toxin of the organism 
causing chronic ulcerative colitis The effect on the temperature and 
pulse curves is noteworthy The outstanding improvement as shown by 
the proctoscope and by roentgenograms of the colon by barium enema, 
IS of the greatest significance 

The immunization of horses is being continued Bettei results are 
anticipated for the future The results in this small series of almost 
hopeless cases are encouraging They suggest that the present method 
of treatment is in the right general diiection At least two of these 
cases illustrate the futility and impracticability of ileosigmoidostomy in 
the treatment of patients with chronic ulcerative colitis 



THE RELATION OF THE HIATUS ESOPHAGEUS 
OF THE DIAPHRAGM TO THE STOMACH 

AN IMPORTANT FUNCTION OF THE PILLARS OF THE DIAPHRAGM 

MINAS JOANNIDES, MD 

CHICAGO 

The most commonly lecogmzed function of the diaphiagm is the 
pait it plays m the mechanism of inspiiation and expiiation The 
diaphragm also acts as a dividing membiane that foims the flooi of the 
chest cavity and the roof of the abdominal cavity When in tone, the 
diaphiagm prevents the abdominal viscera fiom being pushed into 
the thoiacic cavity It also acts as a piessor muscle duiing the acts of 
defecation and paiturition 

The function that has been least emphasized and only lecently 
lecogmzed is the constiictor action of the muscle at the gastio- 
esophageal junction It was hist described by Chevalier Jackson, and 
was called by him and his associates ^ a pinch cock effect I ^ fii st 
encountered this phenomenon about four yeais ago during the course 
of ceitain expeiiments on the lung by using the tiansdiaphiagmatic 
extrapeiitoneal route Under ceitain conditions I encounteied an acute 
distention of the stomach which caused a prompt death to the animal 
used m the expeiinient Such a dilatation was frequently encountered 
during an operation on the lung when theie was an undue amount of 
unnecessaiy manipulating of the lung I also noticed a dilatation in 
cases in which there was rough manipulation and an excessive amount 
of downward retraction of the diaphragm, in cases in which an opeia- 
tion was performed on the lung with a pieliminaiy resection of the 
phrenic nerve at the beginning of the opeiation, and finally in a few 
cases of prolonged deep anesthesia when a positive piessuie aitificial 
respiration was used with or without an open pneumothoiax When- 
ever the stomach became acutely distended, air could easily be pumped 
into the stomach, but it was difficult to remove this air even after a 
great amount of pressure was exerted over the walls of the stomach 
Little if any air escaped fiom either the pyloric or the caidiac end with 
ordinary squeezing of the walls of the stomach If, on the othei hand. 

Submitted for publication, Aug 28, 1928 
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a tube was inserted into the stomach, the an would escape easily and 
promptly I decided, therefore, to study this phenomenon rather caie- 
fully 

In my study of the anatomy of this legion, I was disappointed 
because I found that the descriptions of the relation of the hiatus to the 
esophagus weie entirely diffeient from, what I found this relationship to 
be in the dog Believing that there may’- be variations in the anatomy 
of the dog from that of man, I studied this relationship also in the 
human being and found that with few exceptions my observations on the 
dog were similar to those on the human cadaver In the illustrations in 



Fig 1 — Dissection of the pillars, showing the relation of the fibers to the 
stomach 

textbooks, the hiatus esophageus is ordinarily so placed that one notices 
at least 1 cm of the esophagus below the diaphiagm In my study of 
this relationship in the dog as well as in the cadavei I found that the 
hiatus esophageus is located at the level of the gasti o-esophageal junc- 
tion I also have noticed that in the dog the relationship between the 
fibers of the pillais and those of the gastro-esophageal area is much 
more intimate than that in the human being In the latter there is 
usually a lay^er of fibious tissue that sepaiates the fibers of the pillars 
from the stomach and esophagus On the other hand, in the dog this 
fibrous layei is extremely thin so that one receives the impression that 
the fibers of the pillars are in apposition with those of the stomach 





Fig 2 — Stomach pulled to the right to show the direction of the fibers 



Fig 3 — Dissection of the lesser peritoneal cavit}' Note the fibers of the right 
pillar as they show through the peritoneum 
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(figs 1, 2 and 3) Antenorlj'- the fibers of the pillars surround the 
stomach and tlie esophagus m a manner similar to that of the fibers of 
the anal sphincter As the}'- go posteriorly, the}^ decussate and are 
attached to the ^ertebrae The fibers of the pillars also form more oi 
less the posterior layer of the lesser peritoneal cavity at the region of 
the vertebrae In some instances, I have found on the posterior sur- 
face of the stomach a small triangle the sides of which are made up by 
the fibers of the pillars and the base by the posterior wall of the 
esophagus and the stomach The size of the triangle varies in different 
subjects In the dog it is usuall}’- small and at times absent, in man it 
IS larger and measures from 1 to 2 cm in length The sides of the 
triangle are jointed together b}' means of fibrous tissue so that at 
times one ma}’- be able to admit an index finger through this potential 
opening 

In order to study the functional mechanism of these pillars and the 
parietal diaphragm, I made a gastrostomy and through that I inserted 
my finger into the esophagus With the finger in this position, I 
noticed that coincident with each respiratory movement I could feel a 



Fig 4 — Diagram of tambour for recording diaphragmatic contractions A 
indicates opening to recording tambour and B, the area co%ered with rubber finger 

progressively downward constriction at the site of the pillars These 
contractions gave one the impression of milking contractions With 
deeper respirations and when the animal strained, this milking effect 
became moie evident In order to determine whether or not this con- 
traction was independent of the esophageal contractions, I paralyzed 
the diaphragm and noticed that these milking contractions stopped By 
stimulating the vagus nerv^e peripherally or the esophagus I could get 
a contraction, but this time an entirely different type This contraction 
was of the constricting type without any downward effect 

In order to determine whether or not the whole diaphragm was 
responsible for the milking effect or just the pillars, I stimulated the 
phrenic nen^e at vanous levels and noticed a massive downward move- 
ment of the peripheral portion and, to a less extent, the central portion 
of the diaphragm As a result of this contraction, the whole stomach 
and the liver were pushed down When, on the other hand, the fibers 
of the pillais were stimulated directly from either the thoracic or the 
abdominal side, I noticed the characteristic milking contraction 

Under no circumstances could any contractions be induced if any 
portion of the cardiac end of the stomach was stimulated By this 
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means I could determine accurately the exact location of the esophageal- 
gastnc junction Stimulation of the esophagus up to the point of the 
junction would induce the characteristic contraction of the consti ictino- 
type Stimulation distal to the junction would not produce any eftect 
In the next series, I tried to inflate the stomach by inducing a 
pharyngeal artificial respiration under otherwise noimal conditions I 
was unable to produce the acute distention that I encountered in cases 
ill which operations on the lung had been peifoimed I also failed to 
produce distention even when I inserted an esophagoscope and pumped 
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Fig 6 — Stimulation of the peripheral end of the vagus nerve shows the 
eftects of the constricting contraction of the esophagus without inducing any 
change on the waves of the chest wall 

compiessed an into the stomach If, howevei, the diaphragm, the lungs 
or the phrenic nerve was manipulated under conditions already men- 
tioned, an acute dilatation of the stomach promptly developed When 
the stomach is distended under these conditions, little air escapes from 
eithei the cardiac or the pyloric end, with the result that the stomach 
becomes tense and drumlike On opening the duodenum just beyond 
the p3lorus it was noticed that little if any air escaped from that end 
At the cardiac end the air could escape with less difficulty, but not until 
an esophagoscope was inserted could free escape of the air be noted 
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This last observation leads one to believe not only that the sphincter 
action of the pillais at this junction is of the milking type, but that 
because of the peculiai shape of the diaphiagm there is a one way valve 
effect so that contents enteiing the stomach cannot easily be squeezed 
out 

In Older to obtain exact and peimanent lecords of these contractions, 
I devised an oblong tambom which can be inseited into the esophagus 
at the hiatus and thus recoid these conti actions This tambour (fig 4) 
was constiucted by inserting one biass tube into anothei and so anang- 
mg the 1 libber dam that the conti actions would be transmitted to a second 
tainboui and thence to the kymogiaph By this means, I was able to 
notice to my own satisfaction that the contractions at the hiatus weie 
homologous and synchionous with the excuisions pioduced by a 
pneumogiaph that records movements dm mg expansion of the chest 
One could easily use this method foi lecoiding lespiiatory movements 
by making a gastrostomy and inserting the pneumograph into the gasti o- 
esopliageal junction (figs 5 and 6) 

SUMMARY 

1 Theie is an intimate lelationship between the pillais of the 
diaphiagm at the hiatus esophageus and the gastro-esophageal junction 

2 The pillars exert a milking contraction on the gasti o-esophageal 
junction and thus prevent the gasti ic contents from spilling backwaid 
into the esophagus 

3 The milking conti action is obseived after stimulation of the 
pillais of the diaphragm oi after stimulation of the tiunk oi the 
branches of the phienic neive in the immediate neighborhood of 
the pillars 

4 Stimulation of the vagus nerve or the esophagus piodtices a 
ciiculai constriction at the gastro-esophageal junction Stimulation 
of the vagus on the abdominal side or stimulation of the cardiac end 
of the stomach does not lesult in any contraction at the junction 

5 An acute dilatation of the stomach was encounteied with the 
following conditions (1) at the end oi dm mg a lobectomy or pneu- 
mectomy when there was an undue amount of rough handling of the 
lung, (2) as a lesult of unnecessaiy handling of the diaphiagm, espe- 
cially after downward retraction of the muscle, (3) in opeiations on the 
lung during which a resection of the phrenic nerve was made at the 
beginning of the operation, and (4) in a small number of cases of pro- 
longed deep anesthesia when shock occurred or when there was a 
phai}'ngeal type of aitificial lespiration with positive piessure 
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This Study was made to deteimine whether oi not the physiologic 
piocess of menstruation may influence the legular daily rhythm of the 
white blood cells, which has been shown to exist independently of othei 
physiologic factois such as digestion and oidmary exercise (Sabin, 
Cunningham, Doan and Kindwall,^ 1925, and Shaw," 1927) The lesults 
obtained by these authors in legaid to the effect of digestion were con- 
firmed, and it was fuither found that menstruation does not appieciably 
affect the ihythm of the white blood cells, although there is a lymphocytic 
and leukoc3hic infiltration of the endometrium pieceding the onset of 
mensti nation (Novak and Te Linde,® 1924) This is taken as indicating 
that this ihythm is an essential chaiactenstic of the white blood cells and 
IS one phase of the fundamental rhythmicity of the vital activities of the 
body 

In the couise of this investigation, it was found that a type of cell 
identified as a young eosinophil was piesent, which was basophilic in 
leaction and which was closely allied to the lymphocytic group of blood 
cells 

METHODS 

Data regarding variations in the number of the white blood cells were obtained 
from two persons, five series of counts being made on each Three of the series 
in the case of subject A and two in the case of subject B consisted of the first 
three days of menstruation The third series of subject B included the day 
preceding the onset of menstruation and the first three days of menstruation The 
fourth series in both cases included two consecutive days in an intermenstrual 
period, and the fifth was a series taken during menstruation when meals were 
omitted The fifth series consisted of the first day of menstruation in the case of 
subject A, and of the first three days m the case of subject B 


^ Submitted for publication, Aug 28, 1928 
From the Walter H ^lerriam Laboratory, Department of Zoology, Mount 
Holyoke College 

Aided by grants for the 3 ear 1927 from the American Association for the 
Adiancement of Science, and from the Society of the Sigma Xi 

1 Sabin, F R , Cunningham, R S , Doan, C A , and Kindwall, J A Bull 
Johns Hopkins Hosp 37 14, 1925 

2 Shaw, A F B J Path Bact 30 1, 1927 

3 Novak, E , and Te Linde, R W Endometrium of Alenstruating Uterus, 
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In one case (April 17, 1927, during menstruation), a count was made while 
the subject had an attack of gastro-enteritis Food, except in the fifth series, and 
water in all series were taken as in ordinary daily life Breakfast on some days 
was omitted, on others it was eaten between one-half hour and ten minutes before 
the first count was made Lunch was eaten between four and six hours after 
the beginning of the count On some days, food in small quantities was eaten 
occasionally Both subjects took an active part m the counting and technical work 
involved m the experiments, and a moderate amount of exercise, as in ordinary 
daily life, was taken in all cases In all, there are counts for twelve days on 
subject A and for fifteen days on subject B 

The methods used were essentially those described by Sabin, Cunningham, 
Doan, and Kindwall,^ with minor modifications Total and vital differential counts 
were made at fifteen or twenty minute intervals, for eight hour periods Total 
counts were made with U S standardized pipets The half-per cent acetic acid 
used for diluting the blood was made each morning before the counts were begun 
Two of the workers alternated in making the total counts and the vital differential 
counts, but in all series the same person made total counts on one subject to 
eliminate the personal equation as far as possible One of the persons made vital 
differential counts throughout Fixed smears for differential counts were made 
at the same time that blood was taken for the total and the vital differential counts 
From 200 to 250 cells were counted on the fixed smears The vital preparations 
were made according to the technic described by Cunningham, Sabin, Sugiyama, 
and Kindwall"* (1925), and 100 cells were counted on each slide 

TYPES OF WHITE BLOOD CELLS 

In this Study, the white blood cells which have been seen have been 
classified into four main groups polymoiphonuclear leukocytes, 
lymphocytes, monocytes and endothelial cells The leukocytes have been 
further divided into neutrophils (both active and nonmotile), eosinophils 
and large and small basophils The lymphocytes have been divided into 
small, intermediate, large and stimulated The cells have been found 
to follow closely those desciibed by Sabin (1923), so that only those 
are discussed in this paper m which differences have been noted, or 
where it has been thought that more emphasis should be given to ceitain 
details 

Nonmohle Leukocytes — In studies on both supiavital and fixed 
preparations of blood, Sabin, Cunningham, Doan and KindwalD have 
observed that nonmotile cells occur at times m large numbers They 
have found such “showers” of nonmotiles both in heart’s blood (rabbit) 
and in peripheral blood (human, finger, labbit, vein of the ear) Then 
conclusion is that the neutrophils die in the ciiculation in great numbeis, 
and that “these showers of nonmotile or dying cells represent a most 
important factor in the physiology of the blood ” ® 

4 Cunningham, R S , Sabin, F R , Sugiyama, S , and Kindwall, J A Bull 
Johns Hopkins Hosp 37 231, 1925 

5 Sabin, F R Bull Johns Hopkins Hosp 34 277, 1923 

6 Sabin (footnote 1, p 51) 
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In the piesent study, nonmotile cells have been seen in good smeais 
but more often in poor ones Occasionally a nonmotile is found on the 
same field with an active neutrophil or on the next field, and such cells 
have been considered neutrophils which have died in the circulation 
Howe^er, marked showers were not obseried Nonmotile cells are lare 
on fields m which active cells are present and in which there is room for 
active moiement They have generally been found in thin places in an 
uneven smeai or in the thin smears which result from using too small 
a drop of blood These obseivations lead us to the conclusion that non- 
motile cells result moie often from technic and less often as neutrophils 
dying in the circulation 

Basophils and Eosinophils — ^The significance of the basophil is a 
much disputed point Numeious investigators regard it as a specific cell 
of equal rank with the other two types of granulai leukocytes (Downey,’’ 
1914, Ringoen,® 1915, Bunting,® 1922, Maximow,^® 1924, Sabin, 
Cunningham, Doan and Kindwall On the other hand, many authois 
believe the basophil to be a degenerate or immature form of one of the 
other t}'pes of white cell The question is complicated by the fact that 
eosinophilic granules may pass thiough a basophilic stage, and the ques- 
tion arises whethei the basophils of the blood are these immature 
eosinophilic cells or whether they possess specific granules of diffeient 
origin Weidenreich considered that they are degenerate lymphocytes 
in most animals The negative peroxidase reaction of the basophilic 
granules correlated with progressive degenerative nuclear changes is 
interpreted by Graham ( 1920) as indicating that the basophil is a 

degenerate eosinophil or, rarely, a neutrophil Doan and Sabin 
(1926), however, did not draw the same conclusion from this fact 
Sometimes Graham found cells in w'^hich some of the gianules reacted 
positively and the rest negatively, or in some cases the individual gian- 
ules gave a mixed reaction, that is, the center reacted positively and the 
periphery negatively to the peroxidase test This metachi omatic reac- 
tion IS of especial interest in view of a recent paper by Jordan (1926) 

From studies on fixed material of frog and teleost intestine, Jordan 
classified the tissue basophils of the mucosa according to whether the 
granules stain blue (orthobasophihc) or purple (metachromatically 
basophilic) in Giemsa stain The cells with orthobasophihc granules aie 

7 Downe 3 , H Abstr in Anat Record 8 135, 1914 

8 Ringoen, A R Anat Record 9 233, 1915 

9 Bunting, C H Phj'siol Rev 2 505, 1922 

10 Jlaximov, A A Phjsiol Rev 4 533, 1924 

11 Weidenreich, F Anat Record 4 317, 1910 

12 Graham. G S J Exper Med 31 209, 1920 

13 Doan, C A , and Sabin, F R J Exper Med 43 839, 1926 

14 Jordan, H E Anat Record 33 89, 1926 
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thought to be immatuie eosinophils which develop fiom connectne tissue 
cells As they mature, the granules gradually become acidophilic and 
react somewhat to the eosin, presenting a metachromaticall}^ basophilic 
(puiple) appearance If at any time in this piocess of matuiation degen- 
erative oi abortive changes occui, the gianules also become metachio- 
matic When mature, the gianules stain in eosin with no tiace of blue 
Although a contiaiy view is held by many authorities (Bunting®), 
Joidan does not believe the tissue basophil to be shaiply distinct from 
that of the blood, and consequently his obseivations on the one aie 
applied to the other Jordan and Speidel found that eosinophils 
develop by way of an intermediate basophihcally gianulai stage fiom 
lymphocytes or connective tissue in amphibians and fisb Fuitbei evi- 
dence that eosinophils may be deiived from hemoblasts is piesented by 
Latta (1921) in a study of the tonsil of the labbit 

In the present study of human blood, two types of basophils have 
been found The first is a large cell which is apparently the type lefeired 
to by Sabin ^ as an actively functioning cell, and by Giaham^- as a 
degeneiate eosinophil or, rarely, a neutiophil The granules of the laige 
basophil are spheiical and vary in size between those of neutiophils and 
eosinophils , they are acidic, since they stain a deep, slightly purplish i ed 
in vital neutial led, and bluish to i eddish purple in Wright’s stain Baso- 
phils have not often been seen in motion When they do move, it is with 
an ameboid motion, the gianules going ahead of the nucleus 

The small basophil seen in the living state is quite different m appear- 
ance and behavior fiom the laige basophil and probably belongs to a 
totally distinct group both in mode of origin and in latei de\elopment 
The study of this cell demonstrates stiikingly the advantage of the supia- 
vital method of studying cells ovei the fixed-smeai method, since m 
fixed smeais it is entiiely similar to the laige basophil except in size In 
numbers they have been found to vaiy from 0 to 4 pei cent of the white 
cells, the average pei centage being 0 6 

In vital prepaiations, it is a small actively motile cell which moves 
mainly by a streaming of the protoplasm, although sometimes clear lobate 
pseudopodia have been seen at the posteiioi end In old oi overheated 
preparations this cell may become lound and motionless, as do othei 
cells tinder the same conditions When the cell is active, the nucleus 
moves ahead of the main body of cytoplasm, sometimes a few gianules 
dart about in front of the nucleus The nucleus is similai to the deeply 
indented nucleus sometimes seen in lymphocytes, at times it appeals 
bilobed The granules aie spheiical and vaiy in size from tiny specks 

15 Jordan, H E, and Speidel, C C Am J Anat 32 155, 1923, 33 485, 
1924 Jordan (footnote 14) 

16 Latta, J S Am J Anat 29 159, 1921 
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lo bodies almost as laige as the granules of an eosinophil They do not 
react uniformly to neutral red, since in some cells they are deep led and 
not refractive, while in others they are lighter Moie often the periphery 
takes the deep maroon color of basophilic granules, while the center is 
lighter Such granules are often refractive when the focus is at the 
periphery oi above the cell They are believed to be similar to the 
metachromatic granules of Jordan’s developing eosinophil Their 
appearance is much like that of Graham’s peripherally stained 
metachromatic granule, which however, he called degenerate instead of 
immature Again, the granules sometimes resemble those of the eosino- 
phil in color and refractivity However, in spite of the differences in 
granules exhibited by individual cells in supravital prepaiations, these 
small cells surely belong to one group Such cells do not contain mito- 
chondria and are not phagocytic, since vacuoles are not present 

In fixed smears these cells appear as small basophils with meta- 
chromatic (purple) granules and but for their small size might be con- 
fused with ordinary large basophils The evidence seems to indicate 
that these small cells are stages in the development of eosinophils fiom 
lymphocytes Their close relationship to the lymphoc}dic gioup seems 
clear, since they move with the nucleus ahead, as do lymphocytes, and 
the nucleus itself resembles the lymphocytic nucleus • Such cells also may 
have clear hyaline pseudopodia The lack of mitochondria is probably 
due to their disappearance before the maturing eosinophil leaches the 
peripheral circulation 

The question of the specificity of the types of white blood cell will 
not be discussed in this paper A discussion of the leukocytes by 
Bunting,® together with recent articles by Maximow and Jordan who 
support the monophyletic theory of blood cell origin, and by Cunning- 
ham, Sabin and Doan (1925), who uphold the duahstic or polyphyletic 
theory, have appeared The facts already presented indicate that 
eosinophils may differentiate fiom lymphocytes, although they, like the 
other gianulocytes, have been considered myelocytic in origin This 
apparent double origin of eosinophils is one argument against stiict 
specificity of the white blood cell groups 

Lymphocytes — Sabin’s classification of lymphocytes into small, intei- 
mediate and large has been followed, except that in vital studies the large 
and intermediate forms with increased phagoc}i;ic activity have been 
classified separately as “stimulated lymphocytes” (Cunningham, Sabin 
and Doan,’-® Sabin ® and Sabin, Cunningham, Doan and Kindwall ’) 

17 Jordan (footnote 14, p 101) 

18 Graham (footnote 12, fig 7) 

19 Cunningham, R S , Sabin, F R, and Doan, C A Contribution to 
Embrjol no 84, Carnegie Inst, Washington 16 229, 1925 
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Stimulated lymphocytes dilfei mainly from the ordinal y large and intei- 
mediate forms in having the cytoplasm cro'wded vuth neutral red vacuoles 
which are smaller than the vacuoles of neutrophils and monocytes They 
are of two general types The fiist kind closely resembles a monocyte 
in having a bean-shaped nucleus and neutial red vacuoles clustered in the 
indentation of the nucleus It might be confused with a monocyte in 
which the roset arrangement of natural red gi anules and vacuoles around 
the centrosphere is obscuied by the movement of the cell, or by an 
inci eased number of vacuoles, except that the mitochondria of lympho- 
cytes are iiitei mingled with the red-stainmg vacuoles, whereas in the 
monocyte the mitochondria are always peripheral to the roset of gran- 
ules and vacuoles The second type of stimulated lymphocyte has a 
lobed nucleus If the vacuoles become numerous, the mitochondria may 
be obscured, and at first the beginner may confuse the cell with a baso- 
phil Stimulated lymphocytes in fixed smears appear as ordinary large 
or intermediate lymphocytes The stimulated lymphocyte is particularly 
mentioned heie because it occurs more frequently than the literature 
indicates, and a knowledge of its structure is most impoitant in the diag- 
nosis of lymphocytes and monocytes Maximow found similai cells 
m conditions of inflammation 

Sabin ® observed large lymphocytes dividing amitotically in the blood 
stream in a case of lymphoid leukemia In this study, dividing lympho- 
cytes have been seen occasionally 

Monocytes — Monocytes are characterized by a bean-shaped nucleus 
They have a peculiar roset of fine granules and larger vacuoles arianged 
radially about the centrosphere m the hof of the nucleus Mitochondria 
are present and are always peripheral to the cluster of red-staming 
bodies The latter detail of arrangement distinguishes the monocyte 
from the stimulated lymphocyte, but even this criterion is sometimes 
difficult to apply, because a monocyte may contain so large a number of 
vacuoles that the centrosphere is obscured , or the mitochondria may lie 
above the roset of red bodies near the sui face of the cell, and it is only 
by careful focusing that they are seen not to be intermingled with them 
Monocytes do not by any means always show their characteristic struc- 
tures with diagrammatic clearness 

The monocyte moves by means of an undulating membrane, which, 
according to Carrel and Ebelmg (1926), is similar to that of sarcoma 
cells, macrophages and monocytes which have been cultivated m flasks 
Although this membrane is seen best under the dark field microscope, 
it has been found that the outline as well as the filifoim pseudopodia may 
be seen m part with direct illumination Some movement may be 
detected, although the wavelike motion described by Can el is not appar- 


20 Carrel, A , and Ebelmg, AH J Exper Med 44 285, 1926 
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ent In fact, the undulating membiane has been an aid m diagnosis of 
cells which might be confused with stimulated lymphocytes 

VARIATIONS IN THE NUMBERS 01 WHITE BLOOD CELLS 

Ohscivations — Normal Rhythm and the Influence of Menstruation 
Previous studies of the white blood cells have usually included serial 
counts on different pei sons or isolated ones on the same person In this 
investigation, seiial counts on consecutive days have been made on two 
persons While no two curves are identical, certain features 
are constantly piesent First, the number of white blood cells is 
maikedly gi eater in the afternoon than in the morning This inciease 
begins in the later part of the morning Only three exceptions (curve 
3-2-27, chart 3, curve 3-25-27, chart 5, cuive 5-17-27, chart 6) to this 
geneial lule occur in the twenty-seven curves included m this paper In 
these thiee curves, the highest points come before 12 o’clock In pre- 
liminary work, including eleven curves, an exception was not found 
Second, there is an approximately hourly rise and fall in numbers of 
cells, which is independent of, and does not affect, the general tendency 
towaid an afternoon rise Third, the greatest number of cells at any 
time duiing the day is appi oximately twice the lowest numbei foi the 
same day These observations confiim the three points emphasized by 
Sabin, Cunningham, Doan and KindwalM in regard to the ihythm of 
the total number of white cells Fourth, there is often, though not 
invanahl}’-, a fall in the number of cells after the preliminary morning 
rise and before the height of the afteinoon rise This has also been 
noted by Sabin and her co-workers, in their charts lA, 5E and 6F 
and by Shaw There is no detailed correspondence between curves for 
counts on consecutive days As already stated, no two curves are identi- 
cal, and rhythms of consecutive day'^s are not any more similar than 
ihythms of days a week or a month apait 

Howevei, each person has a cuive of chai acteristic pattein (compare 
charts 1 and 2) The counts of subject A aie higher than the counts 
of subject B The lower limit foi subject A is fiom 5 050 to 9,350 cells, 
while the lower limit for subject B is between 4,025 and 6,132 The 
uppei limit for subject A is from 9,475 to 13,425 and for subject B from 
7,505, to 10,425, not including the high numbei of 11,550 which was 
reached dtiiing an attack of gastro-enteritis or the high count of 13,775 
(cur^ e 5-15-27, chart 6) The last cuive is quite diffeient from the other 
curves of subject B, showing much highei counts The count was made 
on the first daj' of menstruation, and not any food was taken The counts 
for the two days following were noimal Although the characteristic 

21 Sabm et al (footnote 1, pp 39, 40) 

22 Shaw (footnote 2, p 7) 
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curves o£ subject A do not fluctuate more irregulaily than do those of 
subject B, then wider range permits of greater fluctuations, which 
lesult in a cuive pattern different from that of subject B It is interest- 
ing to note that the individual patterns are constantly exhibited , f oi 
example, in curve 3-29-27 (chart 4) the pattern is chaiacteristic for 
subject A, although the zone of fluctuation is between 9,350 and 13,425 
cells These extremely high numbers did not result from any apparent 
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Chart 1 — Exact curves of total and differential counts of subject A Curve 

4- 11-27 represents a day’s count during an intermenstrual period and curves 

5- 22-27 and 3-31-27 are of counts taken during menstruation Curve 5-22-27 is 
for a day when meals were omitted 

The total and differential counts for each day have been plotted graphically 
(charts 1 to 4) and the curves numbered with the date on which the count was 
made The times of day are given on the abscissas and the numbers of cells on 
the ordinates L indicates lunch and B, breakfast, and the figures beneath the 
date of the curve indicate the time when breakfast was taken The vertical lines 
drawn through the curves show when food in small quantities was eaten (candy, 
crackers, etc ) The vital stain was used unless otherwise stated 
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Chart 2 — ^The exact curves of total and differential counts of subject B 
Curve 5-2-27 represents a day’s count during an intermenstrual period, and curves 
2-26-27, 4-17-27 and 4-19-27 are counts taken during menstruation Curve 4-17-27 
IS peculiar in that the subject had an attack of gastro-enteritis while the counts 
V ere being made 
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cause Counts on both subjects, under somewhat difterent conditions 
SIX months later, exhibited the same individual patterns Another 
consequence of this wider lange in the counts of subject A is that the 
afternoon rise is much more pionounced than in the case of subject B 
Individual differences in numbeis of blood cells were noted by Rous 
(1908)^^ in a discussion of the quantities of lymphocytes supplied to 
the blood of the dog He said that “the tissues producing the lympho- 
cytes are “set” at a rate of activity definite in the individual ” Shaw ^ 
found that in human blood “the total number of leukocytes is influenced 
by the personal factor ”^5 Qj^ whole, the curves of subject A are 
slightly more irregular during menstruation -(cuives 3-2-27, 3-3-27, 
3-4-27, 3-29-27, 3-30-27, 3-31-27, 4-25-27, 4-26-27, 4-27-27, chaits 3 and 


High and Low Counts of White Blood Cells 



Subject A 

A 


r 

Counts 

\ 

Range 
of Count 

Normal 

4-10-27 

5075-10776 

Normal 

4-11-27 

6700-12075 

Menstruation 

3- 2-27 

6933-10917 

Menstruation 

3- 3-27 

6390-12600 

Menstruation 

3- 4-27 

6375-11657 

Menstruation 

3-29-27 

9360.13426 

Menstruation 

3-30-27 

6350-11044 

Menstruation 

3-31-27 

5424-11200 

Menstruation 

4-25-27 

6050-12960 

Menstruation 

4-26-27 

6460-11200 

Menstruation 

4-27-27 

5176-11400 

Menstruation 

5-22-27 

6350- 9476 

No food 




Subject B 
- 


Counts 


Range 
of Count 

Normal 

5- 1-27 

4805- 9382 

Normal 

6- 2-27 

4590- 8570 

Menstruation 

2-24-27 

5206- 8800 

Menstruation 

2-25-27 

6600- 8932 

Menstruation 

2-26-27 

6132- 9666 

Menstruation 

3-23-27 

5475-10425 

Menstruation 

3-24-27 

5500- 8576 

Menstruation 

3-25-27 

4625-10276 

Bay before menstru- 

ation 

4-16-27 

5390- 7505 

Pood poisoning 

4-17-27 

4200-11550 

Menstruation 

Menstruation . 

4-18-27 

6125- 8825 

Menstruation 

4-19-27 

4525- 9125 

Menstruation 

5-15-27 

5160-13775 

No food 

Menstruation 

5-15-27 

5075- 8875 

No food 

Menstruation 

6-17-27 

4025- 8500 

No food 


4) than are the noimal curves (4-10-27 and 4-11-27, chait 3) as 
described in another paragiaph Such an effect is not apparent in the 
curves of subject B (charts 5 and 6) 

Menstruation does not have a decided influence on the numbeis oi 
rhythm of the white blood cells As already noted, the counts for this 
part of the work were made during the first three days of menstruation 
The number of the cells is perhaps slightly increased, as seen in the 
accompanying table The lower level of the menstiual counts is higliei 
than the lower level of the noi mal counts, with the exception of 4-25-27 
and 5-17-27 Three times in the case of subject A (3-3-27, 3-29-27, 
4-25-27) and four times in the case of subject B (2-26-27, 3-23-27, 
3-25-27, 5-15-27) the highest point of the menstiual counts is above the 

23 Rous, F P J Exper Med 10 238, 1908 

24 Rous (footnote 23, p 268) 

25 Shaw (footnote 2, p 19) 
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highest point of the noimal counts However, this diffeience is so slight 
and inconstant that a definite conclusion cannot be made 

The menstiual cuives of subject A piesent laigei fluctuations than 
the noimal cuives The noimal cuives (4-10-27, 4-11-27, chait 3, 
4-11-27, chait 1) aie moie e\en, the afternoon use follows the mean 
level faiily legulaily and is not indented b} deep depiessions, except 
fiom 3 to 4 o’clock On the contiaiy, the afternoon counts of the men- 
stiual cuives (3-2-27 3-3-27, 3-4-27, chait 3) alternate faiil)'' lapidly 
between high points and low points, the lattei being almost as low as 
the low points of the moinmg counts The morning counts of noimal 
and menstiual cuives aie similai 

Afternoon Leukocytosis Digestion appaiently is not the cause of 
the afternoon leukocytosis A stud;> of the cur\es shows that bieakfast 
does not influence the white blood cell pictuie, since a constant diftei- 
ence is not noticed between the cui\es foi the days when bieakfast was 
eaten and those foi the days when bieakfast was omitted That lunch 
likewise is not a constant factor is seen by the fact that the highest point 
of the afternoon use may come at any time and does not beai any i ela- 
tion to the time of eating lunch (chaits 2, 4, 5 and 6) The small quan- 
tities of food eaten iiiegulaily do not have a maiked effect, since on 
some days no food except bieakfast and lunch was eaten , yet the lespec- 
tive cuives do not piesent constant vaiiations due to this factoi 

That the afternoon use is not due to digestion is conclusively shown 
by a day’s count made on subject A (cuive 5-22-27, chaits 1 and 4), 
when she ate nothing fiom dinner the night befoie (except an oiange at 
midnight) till the end of the count, and by two days’ counts made on 
subject B, when she ate nothing between dinnei the night befoie and the 
end of the count A thud day’s count made under similar conditions 
on subject B showed a moining use (cuive 5-17-27, pieviously lefeiied 
to) Cuive 5-22-27 (subject A, chait 1) is lepiesentatue of these 
counts, with due allowance foi the lowei numbeis of cells in the case of 
subject B It shows quite as maiked an afternoon use as do the cul^es 
of days when food was not eaten 

A condition of fatigue appaiently does not ha^e a constant influence 
on the white blood cell count Fiom five to six hours was the amount of 
sleep taken the nights befoie the counts shown in cunes 3-23-27, 
3-24-27, 3-25-27 (chait 5) and 4-18-27 (chait 6) While cui\e 3-25-27 
is the leverse of the typical cuive. in having its high points in the moin- 
msf, the othei counts made under siniilai conditions do not show this 
chaiactenstic, again, the counts shown on anothei leveise cune (3-2-27, 
chait 3) weie made on a day following the noimal amount of sleep 
(between seven and eight hours) 

Physiologic 1 espouse to a digestive distuibance has a maiked effect 
on the numbeis of the white blood cells, although the hourly ihythm 
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IS maintained, this is in contrast to the slight or negative influence of 
normal physiologic processes (menstruation, digestion) Curve 4-17-27 
{charts 2 and 6) shows the increase in numbers due to an attack of 
gastro-ententis, the symptoms of which lasted from 12 to 4 o’clock 

Observ^ations on the Differenhal Counts 1 Neutrophils The 
observations of Sabin, Cunningham, Doan and Kmdwall ^ and of Shaw = 
that the curve of the neutrophils follows that of the total white cells is 
confirmed in tins stud} 

The obserations already recorded concerning the influence of physio- 
logic factors (menstruation, digestion and fatigue) on the total number 
of white cells hold true specifically for the neutrophilic rhythm, that 
is, (1) menstruation possibly causes a slight increase in numbers in both 
cases, and greater irregularity in rh}vthm in the case of subject A, (2) 
digestion does not have a constant effect on the numbers or rhythm of 
the cells, and (3) fatigue does not ha\e a constant effect on the numbers 
or rh}vthm of the cells 

In contrast to the obsenvations of Sabin, Cunningham, Doan and 
Kmdwall ^ the nonmotile neutrophils, as already discussed under “Types 
of WHiite Blood Cells,” were not found in sufficiently large numbers to 
influence the neutrophihc, and therefore indirectly, the total white curve 
(curve 4-11-27, chart 1) 

2 Basophils and Eosinophils These cells occur in small numbers 
(basophils, from 0 to 2 per cent and eosinophils, from 0 to 5 per cent) 
and are frequently absent in counts of a hundred cells There seems to 
be no regularity in the Aariations of their numbers (curve 2-26-27, 
chart 2) 

3 L}’mphoc} tes As noted by Sabin, Cunningham, Doan and Kind- 
wall,^ the numbers of the lymphoc}'tes oscillate m a half hourly rhythm, 
but there is no constant rise in the mean level correlated with the time of 
day (cur\'es 3-31-27, 4-11-27, chart 1 , 4-17-27, 4-19-27, 5-2-27, chart 2) 
iMenstruation, digestion and fatigue do not have any effect on their num- 
bers or their rh}i;hm The stimulated and ordinary types of lymphocytes 
are plotted separately on curve 4-19-27 (chart 2) From this it is seen 
that the curve for the ordinary lymphocytes closely follows the total 
curve, much as the neutrophilic curve follows the total white curve The 
stimulated hmphocytes, being fewer in number, do not influence the 
total l}'mphoc}-te cur\e so greath The ratio of stimulated to ordinar} 
l}mphocytes is practical!} the same on all curves and therefore is not 
influenced bv different physiologic conditions There was also no cor- 
relation between the numbers of stimulated lymphoc}tes and the time 
which elapsed between the making of the slide and the actual count 
Therefore they are not expressions of degeneratn e changes, but rather 
seem, as Tvlaximow said, to represent a greater degree of functional 
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activity of the cell Curves 3-31-27 (chart 1) and 5-2-27 (chart 2) show 
the correlation of fixed and vital lymphocyte counts 

4 Monocytes The observations of Sabin, Cunningham, Doan and 
Kindwall ^ that the monocytes tend to have an hourly rhythm similar to 
the rhythm of the neutrophils have been confirmed Variations do not 
occur m connection with the time of day or with different physiologic 
factors Curve 5-2-27 (chart 2) shows the correlation of fixed and 
vital monocyte counts 

Comment and Review of Liteiature — As Sabin, Cunningham, Doan 
and Kindwall ^ have pointed out, much of the previous work on the 
determination of the normal number of blood cells has been to find the 
average number rather than the normal range in numbers for an indi- 
vidual Doan and Zerfas ( 1927) emphasized the necessity of the 
“zonal concept” in blood counts and, according to the experiments 
recorded in this paper, this point of view is valid 

From the data obtained in this work, we believe that there is not 
only a zone of variation for each person but a characteristic pattern 
as well Although no two curves are identical and although curves for 
consecutive days are no more alike than curves for days a week or a 
month apart, curves for each person possess a similarity which can be 
seen readily The wider range or zone of one individual results m a 
curve with marked acute depressions and peaks, whereas the narrower 
range of the other makes for a more even curve This pattern concept is 
upheld by comparison of counts made six months apart on the same two 
subjects The striking conformity of the later curves to the pattern of 
those given in this paper is more than a coincidence 

These studies also confirm the observations of those workers who 
believe that there is a characteristic rhythm of the white blood cells, both 
total and differential, and that the increase in the afternoon is not depen- 
dent on food intake Although these experiments were not primarily 
undertaken to investigate digestive leukocytosis, some points may be 
noted which have a bearing on the subject The numbers, rhythm and 
afternoon rise of the vaiious types do not differ fundamentally on tlie 
days when food was not eaten, on the days when only breakfast and 
lunch were eaten, and on the days when small amounts were eaten 
irregularly in addition to breakfast and lunch There is also no definite 
correlation between the mealtimes and the afternoon leukocytosis 

While it cannot be said absolutely that digestion may not have some 
effect on the numbers of the white blood cells, the conclusion is obvious 
that It does not have such a profound effect as has been thought What- 
ever slight effects it may have in these counts cannot be determined 
since too many other factors are involved The rhythmic variations in 


26 Doan, C A , and Zerfas, LG J Exper Med 46 511, 1926 
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the numbers of the hite blood cells must then ha\ e some other under- 
hmg cause than digestion Japha (1900) v/as one of the first to 
record \ariations in the blood count regardless of digestion Sabin. 
Cunningham, Doan and KindwalD and Shaw ^ tound that ^arlatlons in 
the white count occur whether food is eaten or not Sabin, Cunningham, 
Doan and Kindw all further found that these changes occur in an almost 
hourly rlwllim during the da>, with a total increase in the afternoon, and 
that the numbers of the different kinds of cells also \ar} in a typical 
rh 3 thm Hoiieier, the majority of authors still believe that digestion 
causes a rise in the number of the Avhite blood ceils, as seen in the reiiews 
of the literature gnen hy Mitchell-® (1915), Sabin, Cunningham, Doan 
and Kindwalty Phchet-® (1927) and Shaw - 

Another important physiologic factor to be taken into consideration 
Avhen making experiments on women is menstruation As has been 
previousl} noted, No^ak and Te Linde® described a Ijmphocytic and a 
leukoc}tic infiltration of the endometrium just preceding the onset of 
menstruation A statement is not made about the presence of white cells 
in the uterine wall on the first day of the menstrual period, but on the 
second the infiltiation is said to be less than that of the early stages At 
this time hmphoc\tes are the predominant cells Although such an 
infiltration may occur, it does not seem to be of sufficient magnitude to 
disturb the number of cells (unless it causes a slight increase) or their 
percentage in the peripheral blood The curi es for counts made during 
menstruation differ from each other as much as they do from curies for 
the dais during intermenstrual periods 

It IS current opinion that the greatest changes in the metabolism of 
11 omen occur within the few hours preceding or immediately after the 
beginning of menstruation Counts were made during seven cycles, but 
onli til o 11 ere made within the first hours after the onset Cun e 3-29-27 
(chart 4) for subject A is of a count which was started one and one-half 
hours after the beginning of the period but there is no difference in the 
form of the curie The curie for subject B does not offer evidence in 
regard to this point, as it is the one which also shoiis the results of 
eastro-enteritis All of the other counts iiere made several hours after 
the start of the menstrual floii In their ivork on the studies of 
metabolism of iiomen, Okei and her associates (1925, 1926 and 1927)®" 

27 Japha, A Jahrb f Kinderh 52 242, 1900 

28 }klitchell, A G Leukocite Counts During Digestion of Bottle-Fed Infants 
Am J Dis Child 9 358 (Ma}) 1915 

29 Plichet, A Le sang biol et path 1 134, 1927 

30 Oke\, B, and Robb, El J Biol Chem 65 165, 1925 Oke>, R, and 
Erikson, S E Ibid 68 687, 1926 Oke>, R, and Bo>den, R E Ibid 72 261 
1927 
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found the same difficulty They weie able to make detei mmations during 
the first few houis of menstrual bleeding in only a small peicentage of 
cases 

Although in subject A the cuives aie shghtlv moie iiiegular dm mg 
mensti uation, such an effect is not seen in the curves of subject B Okey 
and Robb,^’^ m their woik on the blood sugar level duiing fasting noticed 
a greater deviation fiom the aveiage dm mg the menstrual peiiod, 
although the)^ did not find a consistent cyclic vaiiation Gieisheimei 
(1927) observed that the blood sedimentation late of women is faster 
than in men but that it is not fastei during periods than between pei lods 

It has been shown that theie is some evidence for cyclic variations in 
the metabolism of women by studies on measuied activities and on the 
chemistry of the blood Mooie and Barker (1923) and Moore and 
Coopei (1923) demonstiated low mensti ual and high mtei mensti ual 
variations m muscular efficiency, m caidiovasculai changes and in 
lespiratory rate Okey and Eiikson and Okey and Boyden obseived 
low mensti ual values foi blood uiic acid and cholesteiol Total non- 
protein mtiogen was found to be high dm mg or just aftei the peiiod 
The fatty acid tended to vaiy, but the detei mmations of lecithin weie 
moie nearly constant Although fiom this biief summaiy it is seen that 
some of the constituents of the blood may exhibit ceitam cyclic changes 
111 relation to menstruation, neithei they nor the leukocytic infiltration of 
the uterine wall at that time pioduces any maiked modification m the 
white blood cell pictuie 

Variations in the numbers of white blood cells have been asciibed to 
vai lotis physiologic factors In this study, the slight oi negative influence 
of digestion, mensti uation and model ate fatigue bung out the fact that 
the ihythm of the white blood cells tends to be constant in diffeient pei- 
sons and to conform to charactei istic patterns It is thought that this 
rhythm is really a functional activity of the cells themselves, and cannot 
be explained as being caused, although it may be influenced, by extimsic 
physiologic factors, just as the heait beat is not caused but may be 
modified by external factors 

Regarding the rhythms of the diffeient kinds of white blood cells, it 
IS apparent from the cuives (charts 1 and 2) that the ihythm of the 
whole numbei of the white cells is detei mined by the rhythm of the 
neutrophils , this is to be expected, since they foim the gi eater piopoition 
of the white cells The question, then, concerning the cause of the gen- 

31 Okey and Robb (footnote 30, first reference) 

32 Greisheimer, E M Am J M Sc 174 338, 1927 

33 Moore, L M , and Barker, J L Am J Physiol 64 405, 1923 

34 Moore, L M , and Cooper, C R Am J Physiol 64 416, 1923 

35 Okey and Enkson (footnote 30, second reference) 

36 Okey and Boyden (footnote 30, third reference) 
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eial ihythm of the white cells narrows itself down to the cause of the 
ihythm of the neutrophils This study does not confirm the belief of 
Sabin, Cunningham, Doan and Kindwall ^ that the neutrophils die out in 
the circulation in fairly large numbeis, since the observations indicate 
that the dead nonmotile cell, although sometimes appearing as a dying 
neutrophil in the blood stieam, is more often an aitefact due to technic 
in the supravital smears Neither is there any explanation for the half 
hourly rhythm of the lymphocytes, the hourly rhythm of the monocytes, 
the irregular rhythm of the basophils and eosinophils or the constant 
mean numbers of all four groups It can only be said that the numbers 
of white blood cells in the peripheral circulation aie maintained within 
certain limits and fluctuate regularly within these limits This occurrence 
may be an expression of the fundamental rhythmicity of vital activities 
which Rogers®^ (1927) defined as “the tendency of the fundamental 
or even incidental operations of the cells of the animal body or of the 
organism to alternate oi oscillate from one side to the other of certain 
mean values ” 

CONCLUSIONS 

1 Evidence indicates that the small basophil may be an intermediate 
stage in the development of certain eosinophils of lymphocytic origin 

2 The characteristics of the normal rhythm of the white blood cells 
previously described have been confirmed m general, except that it is not 
believed that cells die in the peripheral circulation to such an extent that 
the neutrophilic curve is influenced by them 

3 The number of white blood cells vanes within certain limits 
These limits are different in different persons , under normal conditions, 
they are constant in a given person 

4 The curves representing the daily rhythm of the white blood cells 
have a characteristic pattern for each person 

5 The number and rhythm are essential characteristics of the white 
blood cell picture and are not caused or fundamentally modified by nor- 
mal physiologic processes (digestion, menstruation) or different physio- 
logic states of the normal body (mild fatigue, moderate exercise) 

37 Rogers, C G Text-Book of Comparative Physiology, New York, McGraw 
and Hill, 1927, p 69 



FATAL FHENOBARBITAL POISONING 

REPORT OF A CASE WITH TOXICOLOGIC ANALYSIS 

HAROLD N WRIGHT, M Sc 
MINNEAPOLIS 

Although It IS now fifteen yeais since its introduction into theia- 
peutics, theie does not appear to have been a case of fatal poisoning 
definitely attiibutable to phenobarbital so far recorded in the literatuie, 
despite the fact that it is undoubtedly the most v/idely used sedative and 
anticonvulsant drug 

A number of reports of toxic leactions and skin eiuptions following 
the use of phenobarbital have appeared, but only one of these cases 
proved fatal, and this does not seem to have been atti ibutable to the drug 

In 1926, Hamilton, Geiger and Roth’- reviewed the literatuie on 
phenobarbital poisoning, and found only six cases reported previous to 
their own two by Haug,^ two by Fainell ® and one each by Stem ^ and 
Hueber ® All of the patients recovered except that of Hueber, whose 
death was probably due to a flaring up of an old tuberculous condition 
Toxic reactions other than those cited by Hamilton et al , however, were 
leported by Ungar,“ Nicolai,"^ Weig® and CaililH 

Still more recently, Jackson reported six cases of acute pheno- 
barbital poisoning, in all of which recovery occurred There are also 
reports by Stone of a case of phenobarbital poisoning simulating mul- 

Submitted for publication, Aug 27, 1928 

■^From the Department of Pharmacology, University of Minnesota 

1 Hamilton, E S , Geiger, C W , and Roth, J H Luminal Poisoning with 
Conjunctival Residue, Illinois M J 49 344 (April) 1926 

2 Haug, W Z-wei Falle von Luminalvergiftung, Munchen med Wchnschr 
66 1494, 1919 

3 Farnell, F J Luminal, Its Toxic Effects, JAMA 61*192 (July 19) 

1913 

4 Stem, J Case of Luminal Poisoning, Therap Halbmonatsh 34 387 
(July IS) 1920 

5 Hueber, D Ein Fall von Luminalvergiftung mit todhchem Ausgang, 
Munchen med Wchnschr 66 1090, 1919 

6 Ungar, T Ein Fall von Luminalvergiftung, Wien klin Wchnsch 27 
847, 1914 

7 Nicolai, H W Phenobarbital Poisoning, Khn Wchnschr 2 1891 (Oct 8) 

1923 

8 Weig, F L Zur Luminalvergiftung, Deutsche med Wchnschr 51 272, 

1925 

9 Carlill, H Luminal Poisoning, Lancet 2 596 (Sept 19) 1925 

10 Jackson, A S Toxic Reaction from Phenobarbital, J A M A 88 642 
(Feb 26) 1927 

11 Stone, C W Barbital Poisoning Simulating Multiple Sclerosis, Ohio State 
M J 23 132 (Feb) 1927 
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tiple sclerosis and of two toxic reactions by Boilingei Menninger “ 
lepoited three cases of skin eruptions which occurred among 400 
patients 

The distiibution of phenobaibital in the tissues does not seem to have 
been studied, but would presumably follow closely the distribution of the 
othei baibituric acid derivatives Fabre and Fiedet^-^ studied the dis- 
tribution of baibital and allyl-isopiopyl barbituric acid in dogs killed 
shortl} aftei the ingestion of a hypnotic dose of the barbituric acid 
deiivatives These obseivers found the diug to be laigely concentrated 
in the biain, with smallei quantities in the sjrleen, kidney and livei 

The question of the excietion of the baibitunc acid derivatives in the 
urine has not at piesent been satis factoiily settled In fourteen patients 
receiving barbital in amounts of from 0 5 to 2 Gm , Reiche recovered 
fiom 0 18 to 11 7 per cent of the amount ingested fiom the urine in 
thnty-eight houis 


Amount of Phenoharbital and AUyl-Isopi opyl Baibttuiic Acid Recovcted 
fiom One Hundicd Giams of the Oigan 



Barbital 

Allyl isoprophjl 
Barbituric Acid 

Brain 

138 mg 

68 mg 

Spleen 

a mg 

32 mg 

Kidney 

5 mg 

5 mg 

Liver 

4 mg 

6 mg 


Luce and FeigL® and, latei, Fleury and Guinnebault deter- 
mined the elimination of phenoharbital in dogs iindei continuous admin- 
istiation of fiom 0 2 to 0 3 Gm daily but observed only the excietion of 
small quantities Halbei kann and Reiche reported that after they 
gave 1 8 Gm of phenobaibital to a series of patients, they lecovered 
from 11 to 25 per cent of the ingested diug over a period of eight days 

12 Bollinger, H J Toxic Reactions from Phenoharbital , Two Cases, 
California & West Med 26 659 (May) 1927 

13 jMennmger, W C Skm Eruptions with Phenoharbital, J A M A 91 
14 (July 7) 1928 

14 Fabre, R , and Fredet, P Studies in the Localization and Elimination 
of Some Derivatives of Maloiijd Urea, J de pharm et de chim 2 321, 1923 

15 Reiche F Zur Kenntnis der Veronalvergiftung und der Veronalaus- 
scheidung, Klin Wchnschr 5 2112 (Noi 5) 1926 

16 Luce, H , and Feigl, J Ueber Lummal-Exantheme, Therap Monatschr 
32 236, 1918 

17 Fleury, P, and Gumnebault, E L’ehmination de la phenylethylmaloiij - 
luree. Comp rend Soc de biol 93 1508, 1925 

18 Halberkann, J , and Reiche, F Ueber die Ausscheidung einiger viel ver- 
wendeter Barbitalsaure\ erbindungen mit dem Urin, Munchen med Wchnschr 
74 1450, 1927 
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Reineit obtained about 20 per cent excietion ovei a period of ten dajs 
in dogs fed 1 5 Gin of pbenobarbital The gieatest excietion occtiiied 
duiiiig the thud and fourth days Wetselaar lepoited that pheno- 
baibital is not found in the urine in cases of acute poisoning 

REPORT OF CASE 

L C , a woman, aged about 35, was found dead m a room of a Minneapolis 
hotel She had apparently been dead about twenty hours when found Evidence 
of poison was not found in the room, but it was known that the woman had been 
in the habit of taking phenobarbital The autopsy did not show anything signifi- 
cant The stomach and its contents and portions of the liver, brain and about 50 cc 
of urine were removed for toxicologic analysis The urine was extracted several 
times with 25 cc portions of ether, and the combined ether extracts evaporated to 
about 20 cc This was then extracted with 5 cc of five hundredth-normal sodium 
hydroxide A small portion of this alkaline extract, after acidification with acetic 
acid, gave a faint turbidity with lead acetate solution, which would indicate the 
probable presence of a trace of one of the barbituric acid derivatives, but there 
was not a sufficient amount present for identification It would appear, then, that 
m the case of phenobarbital, the excretion of the drug m the urine is too slow 
to serve either as a diagnostic aid in cases showing toxic reactions, as is possible 
with barbital poisoning (Leake and Ware'*), or as a source of identification of 
the drug in the toxicologic analysis of fatal poisoning 

The stomach and liver were hashed separately, and extracted repeatedly with 
sufficient ether to cover the material The combined ether extracts were filtered 
and evaporated to a volume of 40 cc and extracted twice with 10 cc of five 
hundredth-normal sodium hydroxide Considerable care has to be exercised in 
making this extraction with alkali, as the mixture shows a marked tendency 
to emulsify, and if shaken violently, the whole mass becomes almost solid and 
the emulsion can be broken only by complete evaporation of both solvents 

The aqueous extract thus obtained still contained considerable impurities, 
chiefly split proteins and soaps which are soluble in alkaline solution 

The process of purification was continued, therefore, by acidifying tbe aqueous 
extract with SO per cent acetic acid and extracting the slightly acid liquid several 
times with ether, most of the proteins and soaps being left in the water laver 
The ether extracts, after filtration and concentration, were extracted with dilute 
alkali As judged by the reaction of a few drops of this solution, after acidifica- 
tion with acetic acid to a solution of lead acetate, which precipitates both the 
barbituric acid derivative and the dissolved proteins, the amount of impurit\ 
present was now slight 

The alkaline solution was now made slightly acid with acetic acid In the 
case of the extract from the liver, there was just sufficient phenobarbital present 
to exceed the solubility of this drug in water (1 mg per cubic centimeter) and 
to give a faint turbidity to the solution, while the extract obtained from the 
stomach was not sufficiently concentrated to do this 

19 Reinert, M Ueber die Ausscheidung von Barbitursaurederivaten im Harn 
beim Hund, Arch f exper Path u Pharmacol 130 49, 1928 

20 Wetselaar, D Y K Pharm Weekblad 59 521, 1922 

21 Leake, W H , and Ware, E R Barbital Poisoning, J A M A 84 434 
(Feb 7) 1025 
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In order to recover as much phenobarbital as possible, as crystallization from 
water did not appear feasible, the acid aqueous extracts were extracted several 
times with ether and the ether allowed to evaporate spontaneously The residue 
obtained was a white poivder, having a melting point of 170 C Phenobarbital 
melts between 172 and 174 C" The identity of the material obtained by extrac- 
tion was established as phenobarbital by taking a mixed melting point of a 50-50 
mixture of the residue and a knowm sample of phenobarbital (melting point, 
172 C ) The melting point so obtained was 170 5 C If the two substances had 
not been identical chemically, the melting point of the mixture would have been 
considerably depressed 

The amount of phenobarbital obtained from the stomach was from 5 to 6 mg 
and from the liver from 15 to 20 mg 

Extraction of the phenobarbital from the brain presented somewhat more 
difficulty on account of the presence of large quantities of lipoids and fats, 
although the phenobarbital content of this tissue should be considerably higher 
Portions of the brain were hashed and extracted for several days with ether 
The ether extract w^as then removed and filtered, and the ether allow'ed to 
evaporate The residue was taken up in 2 cc of ether and poured into 50 cc of 
alcohol and filtered This removes most of the fats and the cephalin The 
alcohol was then removed by evaporation on the water bath (or by distillation) 
and the residue taken up m acetone, in which the lecithin is insoluble After 
filtration, the acetone was removed by evaporation and the residue taken up in 
a small quantity of boiling water and filtered After the mixture was cooled m 
the icebox, a white precipitate was obtained, which, after recrystallization, melted 
at 170 C, and the melting point was not depressed by mixing with known 
phenobarbital 

The approximate amounts of phenobarbital isolated from the various organs 
per hundred grams was stomach, from 3 to 4 Gm , liver, 5 Gm and brain, 90 mg 

The following schema would appear to be a satisfactory method for the 
toxicologic analysis of poisoning by phenobarbital 

Hash tissue and extract from three to five times with ether 


Tilter 

1 

Kesiduc Reserve 

for turtlier extraction 
II necessary 


I 

rther layer 

Contains fats 


Lther layer 

Contains fairly pure phcnobartiital 
Repeat extraction if necessary 
Identify by melting point 172 to 
174 O and mixed meiting point * 


Fiitrate Concentrate 
Contains phenobarbital 
plus fats, soaps and some 
split proteins Extract 
Tvith dilute alkali 
1 , 

Water layer 

Contains phenobarbital plus 
soluble soaps and split 
pioteins Make acid with 
ac-etic acid and extract 
with ether 


Water layer 

Contains most of soluble 
soaps and split proteins 


* If any difQculty is expenenced in removing soaps, which may be carried over into the 
ether layer on extraction in acid solution, they may be readily removed by treating the acid 
aqueous solution with a slight excess of barium chloride solution and flltenng off the pre 
cipitated barium soaps 


22 U S Pharmacopoeia, ed 10, Philadelphia, J B Lippincott Company 
1926, p 282 
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SUMMARY 

1 A case of fatal poisoning fiom phenobarbital is leported 

2 A metbod is piesented for the toxicologic analysis of pbeno- 
barbital, including extraction and identification fiom the stomach, bvci 
and brain 

3 Phenobarbital does not appeal to be excieted in the mine in cases 
of acute poisoning 



MUSTARD GAS AND TUBERCULOSIS 

AN EXPERIMENTAL STUDY *' 

AMOS R KOONTZ, MD 

BALTIMORE 

Since the introduction of toxic gases into modem waifare on April 
22, 1915, all sorts of dire late sequelae have been declared the result 
of exposure to the vaiious war gases Peribronchial thickenings and 
scarring of the parenchyma of the lung have been much discussed, 
various functional disturbances have been attributed to the late effect 
of gassing As a lesult of several years of experimental woik, I ^ pub- 
lished data m 1925 which showed that there was little or no pathologic 
basis for the many symptoms attributed by the ex-soldier to the fact that 
he had been gassed dui ing the war 

The question of a possible causal relationship between exposuie to 
the various war gases and the development of pulmonaiy tubeiculosis has 
agitated the minds of both the medical profession and the laity fiom the 
time of the earliest use of these gases Both the medical piofession and 
the laity believed at first that soldiers who had been gassed would be 
especially susceptible to pulmonary tuberculosis Subsequent facts did 
not justify this fear The belief, howevei, that there is a close causal 
relationship between gassing and tuberculosis has remained firmly fixed 
in the minds of the laity and also in the minds of those physicians who 
have not kept abreast of the times by studying the cm rent medical litera- 
ture The hteratuie on the clinical aspects of this subject was recently 
reviewed by me - The question has been discussed by the medical pro- 
fession, and, on the basis of clinical observations, physicians are giadu- 
ally becoming convinced that the belief was not justified A large num- 
bei of phj’-sicians, working with ex-soldiers who were gassed dm mg the 
war have amassed a considerable volume of clinical data There is ovei- 
whelming evidence that gassing does not predispose to pulmonaiy tubei- 
culosis 

HISTORICAL 

No matter how commcing clinical eMdence relative to any mooted 
question may be the wisdom of appl 5 ang the test of experimentation 

■''' Submitted for publication, Aug 16, 1928 

“ From tlie Pathological Section, Medical Research Division, Chemical War- 
fare Service, Edgewood Arsenal, Edgewood, Afd 

1 Koontz, A R When Do Lungs Return to Normal Following Exposure 
to War Gases ^ Arch Int Med 36 204 (Aug) 1925 

2 Koontz, A R War Gases and Tuberculosis An Experimental Studj, 
Arch Int Med 39 833 (June) 1927 
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cannot be questioned The conditions detei mining the laws of cause and 
effect can be conti oiled and studied in experiments on animals in a man- 
ner quite impossible with human clinical mateiial Foi this leason, 
seveial years ago undeitook a senes of expeiiments in an effort to 
detei mine what i elationship, if any, existed between exposuie to high 
concenti ations of toxic gases and the development of pulmonary tiibei- 
culosis Large numbeis of rabbits were given vaiying doses of tiibeicle 
bacilli 111 the vein of the ear, so that the first point of lodgment would 
be the capillary bed of the lungs Half of the animals weie gassed with 
mustard gas, phosgene and lewisite at varying times, befoie and aftei 
the injection of the tubeicle bacilli, the other half weie kept as conti ols 
The expeiiments cleaily demonstiated that the gassed labbits weie not 
moie susceptible to tuberculosis than weie the conti ol animals inoculated 
at the same tune with the same dose of bacilli Indeed, the numbei of 
lobes of the lung involved m the gassed animals was slightly less than in 
the controls It was fuither shown that the gassing of animals that 
already had well developed tubeiculosis did not appreciably acceleiate 
the progress of the tuberculous process 

It was noted m these expeiiments that the diffeience between the 
amount of tuberculosis in the animals gassed with lewisite and in the 
controls was gieatei than that between the animals gassed with mustaid 
gas and phosgene and their controls The leason foi this fact was 
believed to be that the animals gassed with lewisite leceived much 
smaller doses of tubercle bacilli than those gassed with mustaid gas and 
phosgene, it was easier to detect difteiences because the infection was 
not so geneiahzed and not so massive as when laiger doses of bacilli 
were injected I was, theiefore, led to believe that had smallei doses 
been used thioughout the experiments, the results might haie shown an 
even greater diffei ence between the amount of tuberculosis in the gassed 
animals and in the conti ols The lesults of the expeiiments with lewisite 
pointed to an actual inhibiting effect of this gas on the development of 
pulmonaiy tubeiculosis They made me wondei whether these impies- 
sions would be confiimed by a largei number of experiments, and also 
whether the same inhibitoiy influence could be shown to be possessed by 
the other important gases used in the wai 

EXPERIMENTAL WORK 

It was determined, therefoie, to conduct a moie extensne senes of 
experiments, as oppoitunity presented, dealing sepaiately with each of 
the piincipal war gases and using small doses of bacilli in order to 
determine just what inhibitory effect, if any, they might piove to have 
on the development of pulmonary tubeiculosis 

Mustard gas was the fiist gas investigated, and the series of experi- 
ments conducted with this gas have now been completed My puipose in 
this paper is to piesent the results obtained 
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METHOD 

In each set of experiments, all animals were inoculated with the same dose 
of tubercle bacilli per kilogram of body weight Half of the animals were kept 
as controls, while the other half were gassed with approximately the lethal 
concentration of mustard gas All animals, both controls and gassed animals, 
were killed from six to ten weeks after inoculation A notation was made as to 
the number of cases of tuberculosis in both gassed animals and controls Each 
animal having tuberculosis was marked one plus, two plus, three plus or four 
plus, according to the number of lobes of the lung involved (The two upper 
lobes of the right lung were considered as one lobe) The presence or absence 
of tuberculosis was determined by both gross and microscopic examination 

Young glycerin-broth cultures of virulent human tubercle bacilli were used in 
all experiments Although the cultures used were from the same strain as those 
used in the experiments reported previously," it was noted that the virulence of 
the strain had become considerably attenuated, and that larger doses than before 
were necessary to produce the same amount of tuberculosis 

All rabbits were weighed at the time of inoculation and at autopsy, as in the 
previous experiments" This has served only to confirm my original conclusions 
that this information is valueless Rabbits with tuberculosis gain weight steadily, 
while others without tuberculosis and kept under exactly the same living condi- 
tions, may lose weight, for no accountable reason The data, therefore, with 
regard to weight have been left out of the tables 

COMMENT 

The lesults of some of the experiments aie shown in the tables, lack 
of space has prevented the tabulation of all expeiiments Tables 1 to 3, 
inclusive, show in detail the results of typical experiments Table 4 tabu- 
lates the results obtained from all experiments and shows the total num- 
ber of gassed animals and controls that developed tuberculosis, it also 
shows the extent of the tuberculous process in the tuberculous animals, 
as indicated by the number of lobes of the lung involved Animals that 
died in less than ten days from the date of inoculation with tubercle 
bacilli, fiom the effects of gassing or other causes, are not included in 
this total, since these animals could not possibly have developed tubei- 
culosis so soon after inoculation This arbitrary time limit was applied 
to both the gassed animals and the controls, so as to include only those 
animals that really had an oppoitunity to develop tuberculosis The 
inclusion of animals that died two or three days after inoculation from 
irrelevant causes would only have vitiated the results 

In only exceptional instances in this senes of expeiiments was tubei- 
culosis found in organs other than the lungs This was undoubtedly due to 
the fact that only small doses of tubercle bacilli were injected, and that 
the strain had become somewhat attenuated since the experiments first 
reported - were conducted On account of the small number of cases 
in which other oigans than the lungs were involved, it is not considered 
worth while to include them in the tables as is would necessitate carrying 
a practically blank column 
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That gassing with mustard gas has an inhibitory effect on the de\ el- 
opment of pulmonary tuberculosis is clearly shown by a study of these 
tables Only 64 per cent of the total number of gassed animals de\ el- 
oped tuberculosis , of the total numbei of controls which were inoculated 
at the same time with the same dose of bacilli, 83 per cent developed the 
disease In the gassed animals that developed tubeiculosis, 42 per cent of 
the possible total numbei of lobes of the lung were invohed, while in 
the controls that developed tuberculosis, 58 per cent of the possible total 
number of lobes were invohed Among all the animals that de^ eloped 


Table 1 — Results Shozuing the B\tciit of Txibci culosis vi Anunals That 
JVcic Gassed and m Those That JVete Not Gassed 


Xumber 

Dose of 

Tubercle Bacilli* 
in Mg per 

Kg of Bods 

Weight Date Injectedt 

Result 

Time Be 
tiieen Injee 
tion and 
Autopsy, 
Dajs 

Time of Gassing 
in Relation to 
Injection 

Lung 

In\ol\c 

ment 

423 

0 005 

11/30/26 

Gassed 

Rilled 

Animals 

46 

2 weeks before and 

- + -rt 

42G 

0 005 

11/30/26 

Died 

18 

20 hours after 

2 weeks before and 


427 

0 005 

11/30/20 

Killed 

46 

20 hours after 

2 weeks before and 


42S 

0 005 

11/30/26 

Rilled 

46 

20 hours after 

2 weeks before and 

— j-4- 

429 

0 005 

11/30/26 

Killed 

46 

20 hours after 

2 weeks before and 


430 

0 005 

11/30/26 

Killed 

46 

20 hours after 

2 weeks before .and 

, 

431 

0 005 

11/30/20 

Controls 

Killed 46 

20 hours after 

— f- 

482 

0 005 

11/30/26 

Killed 

46 




433 

0 005 

11/30/26 

Killed 

46 



421 

0 005 

11/30/26 

Killed 

40 


+++ 

435 

0 005 

11/30/26 

Killed 

46 


++J.+ 

436 

0 005 

11/30/26 

Killed 

46 


J.+ 4 . 4 - 


* Twenty-two day old glycenn broth culture used ior inoculations 

■f Twenty hours after inoculation, the first six animals m the table were gassed with inus 
tard gas (concentration of 0 0152 mg per liter of air) tor one hour These animals had also 
been gassed with mustard gas in a field test, two weehs previous to inoculation, concentration 
of gas and time of exposure unknown 

i The plus marks indicate the number of lobes involved 

tuberculosis, therefore, the extent of the tuberculous process was greater 
m the nongassed than in the gassed animals 

These results are m accord with the experience of Fiancine^ who 
did not find an increase in tuberculosis in necropsies on soldiers who had 
been gassed They are also m accord with the known clinical fact that 
tuberculosis is lare in peisons who have mitral stenosis Apparently, 
congestion of the lungs is a condition unfavorable to the giowth of the 
tubercle bacillus The congestion produced by mustaid gas may be the 
factor responsible for its inhibitoiy effect on tuberculosis This seems 
to me more probable than that there is a beneficial bactericidal action on 

3 Gilchrist, H L Warfare Gas and Tuberculosis, Testimony of Dr Albert 
P Francine Before the Senate Committee, Mil Surgeon 54 470 (April) 1924 
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Table 2 — Results Shozomg the Extent of Tubei culosts m Animals That 
Were Gassed and m Those That Weie Not Gassed 
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the part of the gas Coipei and Rensch/ ho^ve^el, have repoited that 
mustaid gas is bactericidal for virulent human tubercle bacilli in ritio, 
and that when injected with bacilli into guinea-pigs, it distinctly retaids 
the development of tuberculosis in these animals 

SUMMARY AND CONCLUSIONS 

One hundred and sixty-eight labbits weie inoculated m the vein of 
the eai with virulent human tubercle bacilli Half of the animals were 
gassed for one hour with appi oximately the lethal dose of mustaid gas , 
the other half were kept as controls From six to ten weeks aftei then 
inoculation, all the animals were killed, autopsies performed, and the 
viscera studied for tubeiculous lesions Sixty-foui per cent of the ani- 
mals that had been gassed had pulmonary tubeiculosis , 83 per cent of 
the controls had pulmonary tubeiculosis The tuberculous process was 
much moie extensive in the control animals that developed the disease 
than 111 the gassed animals that contracted it 

These expeiiments cleaily deinonstiate that gassing with mustard gas 
has an inhibitoiy effect on the development of pulmonaiy tuberculosis in 
1 abbits 

4 Corper, H J , and Rensch, O B The Effect of Mustard Gas (Dichlor- 
ethylsulphide) on Experimental Tuberculosis, J Infect Dis 28 286 (March) 1921 



NORMAL BLOOD DETERMINATIONS IN THE SOUTH 
MAXWELL M WINTROBE, MD 

AND 

MORELL W MILLER, MD 

NEW ORLEANS 

The opinion has been fiequentl)^ expiessed that the led cell count 
and particularly hemoglobin aie low in the South Musser and Wiith^ 
advanced the thesis that anemia is more prevalent in the South than the 
North Lippincott ^ concluded that the normal average percentage of 
hemoglobin and erythrocyte counts in the region of the state of Missis- 
sippi are lower than the usually accepted standards His determinations, 
however, were made on patients m hospitals and clinics, and his methods 
do not appear to have been accurate 

On the other hand, Major W P Chambeilain,® studying the blood of 
a large number of soldiers in the Philippines, found a normal count for 
red corpuscles and possibly a slightly lowered precentage of hemoglobin 
Like Chamberlain, Balfour ^ expressed the belief that climate alone does 
not produce any change in the blood and that so-called tropical anemia is 
apparent rather than genuine 

In order to determine the accuracy of these statements, specimens of 
the blood of 100 healthy young men have been examined by the most 
accurate methods available An excellent basis foi comparison is fui- 
nished by the woik of Osgood,® who leported led cell counts, hemoglobin 
and determination of cell volume on 137 young men living on the 
Western coast of the United States In order to make comparison easier, 
our methods have been similar to those described by Osgood 

We have been further stimulated in our work by the need for a large 
series of accurate, normal examinations of the blood, made in different 
parts of the world, in order that accurate, normal figures on the blood 
may be computed Few aie aware that the figures at present accepted 
as noimal are based on a small number of deteiminations carried out 


Submitted for publication, August 16, 1928 

*= From the Department of Medicine, Tulane University of Louisiana School 
of Medicine 

1 Musser, J H, and Wirth, Willard R Anemia in the South, Ann Clin 
Med 5 861 (March) 1927 

2 Lippmcott, L S Hemoglobin and Erythrocytes in the South, J Lab &. 
Clin Med 12.679 (April) 1927 

3 Chamberlain, W P , quoted by H Sewall Oxford Medicine, -vol 1, New 
York, 1927, p 491 

4 Balfour, Andrew Effects of Tropical Climates, in Byam and Archibald’s 
The Practice of Medicine in the Tropics, vol 1, London, Henry Frowde & Hodder 
and Stoughton, 1921, p 4 

5 Osgood, Edwin E Hemoglobin, Color Index, Saturation Index and 
Volume Index Standards in Men, Arch Int Med 37 685 (May) 1926 



WINTROBE-MILLER—NORMAL BLOOD DETERMINAl IONS 97 

by inaccurate and obsolete methods Bie and Moller ° stated that the 
figures for normal red cell counts (5,000,000 m men and 4,500,000 m 
women) are based on the work of Vierorde f 1852) and Welcher (1854), 
each of whom examined only two subjects Likewise, the "variety of 
standards accepted as 100 per cent by the various hemoglobinomeleis 
reflects the inaccurate foundation on which they depend 

SUBJECTS EXAMINED 

The subjects of our examination were noimal, healthy students 
between the ages of 20 and 30 years Each of these students has been 
the subject of a thoiough laboratory examination during the course of 
the academic session, including urinalysis, icnai function tests, gastric 
analysis, several examinations of the stools and even chemical exami- 
nation of the blood The negative results of these examinations, along 
with a negative history, give us reason to believe that they were all 
free of organic disease A few of them were slightly ‘Tinder par,” judg- 
ing by their height-weight ratio, and this was shown in then blood count 
They were, however, free of oiganic disease Eighty per cent were 
Americans born of American paients, the remainder weie of French, 
Spanish, Italian or Russian descent All but 5 per cent were born in 
the United States The majority have resided m the South (Louisiana, 
Mississippi, Alabama, Texas, North Carolina, Florida, Oklahoma and 
Aikansas) most of their lives With the exception of a few who have 
been North during the summer vacation, all have resided continuously in 
this locality for the past tliiee years The examinations weie made dur- 
ing May and June (before, during and after college examinations) 
During the period of examination, the atmospheric temperature ranged 
approximately between 75 and 88 oi 90 F 

Many of the specimens of blood weie drawn about noon, before and 
after lunch Otheis were diawn about 9 a m In this way, any possible 
effect of a diurnal variation of hemoglobin has been obviated 

METHODS 

Ten cubic centimeters of venous blood were drawn into a syringe containing 
40 mg of finely powdered neutral potassium oxalate, and thoroughly mixed The 
blood so obtained was used for red cell counts, hemoglobin estimation and “blood 
volume” determinations The amount of oxalate used was found to have no effect 
on cell count or hemoglobin Its effect on blood volume is discussed under that 
heading 

Red Cell Counts — Bass-Johns counting chambers and pipets (certified by the 
United States Bureau of Standards) were used Before using any sample of 
blood, care was taken to mix it thoroughly in order to avoid any error resulting 
from sedimentation Fresh Toison’s solution was used for dilution and at least 
two dilutions of 1 200 were counted in each case Only results agreeing within 


6 Bie V, and Moller, P Constitution du sang humain normal, Arch de 
mal du coeur, 15 177 (April) 1922 
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100,000 cells were accepted, the average of two such closelj agreeing figures being 
recorded A number of red cell counts were made to determine any possible differ- 
ence resulting from the use of venous blood as compared with blood obtained b> 
finger puncture Whenever care was taken to secure a free flow of blood from 
the finger (m order to prevent dilution resulting from the forcing out of serum 
m compressing the finger), counts made on blood obtained from the latter source 
were as high as those made on venous blood 

Table 1 — Hemoglobin Esiimations by Neivcolner and Van Slykc Methods 


Hemoglobin 


Newcomer 


Blood Number 

> 

Ber Cent 

Gm 

Van Sl 5 ]x.e 
Gin 

1 

100 3 

16 97 

1816 

2 

95 3 

1612 

17 46 

S 

920 

15 57 

16 99 

i 

78 0 

13 20 

1508 

5 

70 9 

12 00 

14 19 

0 

69 3 

1173 

13 82 

7 

638 

10 89 

13 58 

8 

618 

10 46 

12 40 

9 

53 7 

909 

10 58 

10 

53 0 

897 

10 48 



Fig 1 — Correction curve for Newcomer hemoglobmometer The straight line 
represents the correction curve and the dotted line represents the readings 


Hemoglobin Esfwiafion — Prior to the commencement of our work on students, 
the accuracy of the generally used clinical methods of hemoglobin estimation 
(Sahh, Newcomer, Dare, Tallqvist) was tested, readings on the various instru- 
ments being compared with those obtained by van Slyke’s method of determining 
the 0 X 1 gen capacity of the blood’ All the instruments examined proved to be 
inaccurate Readings on the Newcomer instrument, however, although lower 
than those obtained by the van Slyke method, proved to be consistently lower 
(table 1), so that it was found possible to plot a correction curve for our 

7 Van Slyke, D D , and Stadie, W C The Determination of Gases of the 
Blood, J Biol Oiem 49 1 (Nov ) 1921 
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Newcomer instrument (fig 1) As this instrument is readilj available for clinical 
use and apparently accurate when corrected, it was chosen for our work Readings 
were not made until the acid hematin solution was allowed to stand for one- 
half hour A time correction according to the formula worked out by Newcomer" 
was made in each case 

Cell Volume — Volume determinations w^ere made by centrifugahzation of 4 cc 
of blood at 3,500 revolutions per minute After an initial centrifugahzation for 
from twenty to thirty minutes, readings w'ere made at five minute inter\als until 
the red cell volume did not show any change at two successive readings The 
centrifuge tube was made by sealing oflf the end of a 10 cc Mohr pipet and cutting 
It off a little above the 6 mark It was carefully recalibrated 

RED CELL COUNTS IN NORMAL MALES 

Red cell counts made with leasonably accuiate caie hate been 
lepoited foi 178 men between the ages of 19 and 30 yeais 
Biening'* (Sweden) repoited foui men, avei aging 5,050,000, Bie and 
Moller (Denmaik) , ten men, avei aging 5,530,000 , Gram and Noigaaid 





-^7 49 6J SS ^ S,9 6f 6JS 67 6.? 7( 7i TJI milha ns 


Fig 2 — Red cell counts in 100 healthy young men The average occurs in 
columns with shaded low^er portion 

(Denmark), seven men, avei aging 5,390,000, liaden (Kansas Cit\), 
twenty men, aveiaging 5,080,000, Osgood ° (Oiegon), 137 men, atei- 
aging 5,390,000, making a total of 178 men, aveiaging 5,410,000 

8 Newcomer, H S A New Optical Instrument for the Determination of 
Hemoglobin, J Biol Chem 55 569 (April) 1923 

9 Bierring, K Svmgninger i erythrocyttallet hos normale mennesker, Ugesk 
f Laeger 82 1445 (Nov 18) 1920, quoted bv Osgood 

10 Gram, H C , and Norgaard, A Relation betw^een Hemoglobin, Cell Count 
and Cell Volume in the Venous Blood of Normal Human Subjects, Arch Int kled 
31 164 (Feb) 1923 

11 Haden, R L Accurate Criteria for Differentiating Anemias, Arch Int 
Med 31 765 (May) 1927 
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A number of other counts which ha\e been reported by other authors 
are tabulated by Bie and Moller ® and by Osgood/ but none of these 
are sufficiently accurate to be included with the foregoing data 

Our average in 100 men between the ages of 19 and 30 years was 

5.850.000 Figure 2 shows that 95 per cent of our counts ranged between 
5,000,000 and 6,900,000, while 64 per cent ranged between 5,300,000 and 

6.300.000 Two students had counts above 7,000,000, while five had 
counts below 5,000,000 Neither of the former showed any clinical evi- 
dence of polycythemia, while all of the latter were slightly underweight 
although not suffering from any disease All of these figures were 
included in computing our average 

Osgood, working in Oregon, found 90 per cent of the counts between 

4.700.000 and 6,100,000 It is noteworthy that 36 per cent of our 
students had counts above 6,000,000, while only 7 3 per cent of Osgood’s 
cases were above that figure 

When our figure of 5,850,000 is included with the 178 accurate counts 
already quoted, the average for the 278 persons is 5,570,000 

HEMOGLOBIN CONTENT OF THE BLOOD OF NORMAL MALES 

A Statement of the inaccuiate foundation on which our methods of 
hemoglobin estimation (in themselves inexact) are based cannot be too 
often repeated It is not generally known that the Sahh instrument 
accepts 17 2 Gm per hundred cubic centimeters of blood as 100 per cent, 
while the Dare is based on 13 8 Gm as the equivalent of 100 per cent, 
the Newcomer standard is 16 92 Gm , whereas the Tallqvist scale is set 
on a basis of 15 8 Gm This wide range in the accepted standard is 
merely a reflection of the inaccurate basis on which these figures have 
been calculated As a matter of fact, until Osgood’-^ published his work, 
a sufficient number of accurate determinations on which to calculate a 
standard was not available When one considers that hemoglobin vanes 
not only with age, sex and time of day,’^^ but also with altitude and 
perhaps climate and lace, it is obvious that, for example, Haldane’s 

12 Osgood, Edwin E , and Haskins, Howard D Relation between Cell Count, 
Cell Volume and Hemoglobin Content of Venous Blood of Normal Young Women, 
Arch Int Med 39 643 (May) 1927 Osgood (footnote 5) 

13 Williamson, C S Influence of Age and Sex on Hemoglobin, Arch Int 
Med 18 505 (Oct ) 1916 

14 Ward, H C The Hourly Variations in the Quantity of Hemoglobin and 
in the Number of Corpuscles in Human Blood, Am J Physiol 11 394 (July) 
1904 Dreyer, G , Bazett, H C, and Pierce, H F Diurnal Variation in the 
Hemoglobin Content of the Blood, Lancet 199 588 (Sept 18) 1920 Rabinowitch, 
I M Variation of Percentage of Hemoglobin in Man During Day, J Lab & 
Clin Med 9-120 (Nov) 1923 

15 Haldane, J The Colorimetric Determination of Hemoglobin, J Physiol 
26 497 (June) 1901 
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aveiage of 13 S Gin in twelve men in England (determined by a method 
that IS now obsolete) cannot be taken as the basis foi 100 pei cent all 
ovei the world 

Reliable hemoglobin estimations on healthy males between the ages 
of 19 and 30 years have been lepoited as follows Williamson (spec- 
tiophotometer), thiity-six men, averaging 16 8 Gm , Bie and Islollei 
(Meisling coloiimeter, checked by ox 3 ^gen appaiatus of Peteison-Bohi ), 
ten men, avei aging 14 75 Gm , Giam and Noigaaid^® (Autenieith- 
Konigsbeiger colorimeter, collected by oxygen method), se^en men, 
avei aging 14 89 Gm , Haden (van Slyke’s method), twenty men, 

CAS£S 



Fig 3 — Total hemoglobin in 100 healthy young men 


avei aging 15 83 Gm , Brown and Rowntiee (Palmei’s method, checked 
by Osgood-Haskin’s method ^’^), seven men, averaging 16 27 Gm , 
Osgood ^ (Osgood-Haskins' method 137 men. averaging 15 76 Gm , 
making a total of 217 men, aveiaging 15 88 Gm 

This average agiees closely with our average of 15 87 Gm in 100 
men The aveiage for the total of 317 estimations is 15 88 Gm The 

16 Brown, G E , and Rowntree, L G The V olume and Composition of the 
Blood and the Changes Incident to Diuresis in Cases of Edema, Arch Int Iifed 
35 129 (Jan ) 1925 

17 Estimations of hemoglobin b> the Osgood-Haskins’ method compare ^er^ 
closely to those obtained by the van Shke method according to Osgood 
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extremes in 171 of the foregoing 217 estimations \\ere 13 3 and 
19 46 Gm while our extremes were 13 4 and 18 3 Gm 

Se\ ent}’-three per cent of our determmations ranged bet^^ een 15 and 
16 9 Gm (fig 3), "nhile 87 per cent were between 14 and 169 Gm 
■vwth only 10 per cent above that figure It is interesting to note that 85 
per cent of Osgood’s ^ 137 estimations occurred bet^veen 14 and 16 9 Gm , 
with also 10 per cent aboie that figure 

COLOR INDEX 

As color index is an expression of the relation of hemoglobin to the 
number of er 3 throc 3 tes — the percentage of hemoglobm in proportion 
to the percentage of cells — ^it is important that the hemoglobin figure 
taken as 100 per cent be calculated to a basis of 5,000,000 red cells, 
since that is the number of cells taken as 100 per cent in the calculation 
Thus, if a stud} of normal figures should reveal that the average hemo- 
globm figure IS 16 5 Gm in blood samples which on the average contain 
5,500,000 red cells, then 15 Gm (16 5 calculated to a count of 5 000,000) 
should be taken as the 100 per cent on which percentage of hemoglobin 
used in the determination of color index is based For the expression, 
“the number of grams of hemoglobm per 100 cc of blood calculated to 
a red cell count of 5 milhon per cu mm ,’ Osgood ^ has suggested the 
term “hemoglobm coefficient Before accurate color indexes can be 
calculated the normal a^ erage hemoglobm coefficient must be determined 
It IS this 3l \ erage hemoglobm coefficient, calculated on the basis of a large 
senes of accurate determinations of hemoglobm and red cell counts, that 
should be used as 100 per cent by the various clinical hemoglobmometers 

We ha\e been able to find only the following satis factor}* data for the 
calculation of a standard hemoglobm coefficient for men between the 
ages of 19 and 30 Bie and Moller,® ten men, averaging 13 34 Gm , 
Gram and Norgaard,^® se^ en men, ai eragmg 13 82 Gm Haden,^^ twent}* 
men, a\ eragmg 15 57 Gm , Osgood,^ 137 men averaging 14 66 Gm 
making a total of 174 men averaging 1465 Gm 

Our ai erage of 13 66 Gm m 100 men is considerabh lower than 
that found by Haden or Osgood and corresponds to the obsenations of 
Gram and Norgaard and of Bie and Moller Our low hemoglobin 
coefficient is the outcome of our higher average red cell count as our 
average hemoglobm figure is practically the same as that found by Haden 
and by Osgood 

The hemoglobin coefficient m 174 cases under our obser\ations 
ranged between 12 32 and 18 63 Gm Osgood found 90 per cent to occur 
between 13 and 16 5 Gm Our coeffiaents ranged from 104 to 174 



W I NT ROB E-MILLER— NORMAL BLOOD DETERMINATIONS 103 

Gm j with 90 per cent between 12 and 16 Gm Frequency figure 4 shows 
a definite peak in the region of the average 

The average of all these 274 determinations is 14 29 Gm As this 
figure represents a wider range than that on which Osgood’s hemoglobin 
coefficient (14 7) is based, we suggest that 14 3 Gm be accepted as the 
hemoglobin coefficient for normal men between the ages of 19 and 30 
years Recalculation of color indexes on this basis shows the average 
indexes to be as follows Haden (Kansas City), twenty men, averaging 
1 09, Osgood (Oregon), 137 men, averaging 1 02, Gram and Norgaard 
(Denmark), seven men averaging 097, Wintrobe and Miller 
(Louisiana), 100 men, averaging 095, Bie and Holier (Denmaik), 
ten men, averaging 0 93, making a total of 274 men, averaging 1 
C4S£^S 
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Fig 4 — Hemoglobin coefficients and color indexes in 100 healthy young men 

Although the difference between these color indexes is relatively 
small, one is led to wonder whether or not the effect of climate is evi- 
denced by this slight variation (fig 5) 

TOTAL CELL VOLUME 

In collecting venous blood for the determination of its red cell count, 
hemoglobin content and cell volume, it is important that a method be 
employed which leaves the blood undiluted and isotonic The addition 
of heparin or hirudin fulfils these requirements, but has the disadvantage 
of being very expensive When dry neutral potassium oxalate is used, 
the blood remains undiluted but a somewhat hypertonic solution is 
produced 
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A number of experiments weie earned out bj the following method 
to determine the erroi resulting from the use of such a hypertonic 
solution To 30 cc of blood, obtained by venous puncture, sufficient 
heparin was added to prevent clotting Ten cubic centimeters of this 



Fig 5 — Cell counts and hemoglobin m different parts of the world on healthv 
young men The black areas represent the red blood cells, the lined areas, the 
hemoglobin, and the cross-patched areas, the hemoglobin coefficient 

blood was set aside as a contiol To another 10 cubic centimeters, 
40 mg of neutral potassium oxalate was added and thoioughly mixed, 
Avhile the lemammg 10 cc was mixed with 20 mg of potassium oxalate 
Red cell counts, hemoglobin and volume determinations were then car- 
ried out on each of these three samples by our usual methods 
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Cell counts and hemoglobin values did not show an appieciable dif- 
feience in any of the samples A definite deciease of cell lolume, bow- 
evei, was found to lesult fiom the production of a bypei tonic solution 

Observations on the cell volume m two expeiiments aie sho^^n in 
table 2 

Oui expel iments showed that the addition of 20 mg of neiitial 
potassium oxalate to 10 cc of blood (the piopoition used by Osgood) 
caused an average shrinkage of cell volume of 3 68 pei cent This 
tallies closely with Osgood’s figuie of 3 5 per cent The addition of 
40 mg of oxalate to 10 cc of blood (the propoition employed in all our 
work) caused an average shrinkage of 6 7 pei cent As the heparin 
method is theoretically ideal, all of our volume figures ha\e been coi- 
rected by adding 6 7 pei cent 

Haden reported volume determinations on twenty men between 
the ages of 19 and 30 years He used 1 6 per cent sodium oxalate 

Table 2 — Effect of Oxalate on Cell Volume 


Experiment 1 Experiment 2 

■* A 


r"” — ' " 

/ ^ 

Per Cent 

f 

^ 

Per Cent 

Per Cent 

Per Cent 

oi Cell 

of 

of Cell 

of 

Volume 

DilTerence 

Volume 

Uillcrcnco 


Heparinized blood without oxalate 

49 7 

0 

49 2 

0 

Heparinized blood with 20 mg oxalate added to 10 cc 

48 0 

S 34 

474 

3 83 

Heparinized blood with 40 mg oxalate added to 10 cc 

40 7 

0 42 

40 0 

0 93 


solution and centrifugated at 2,500 revolutions per minute for one-half 
hour As sometimes centrifugation to constant volume is not complete 
at the end of thirty minutes, some of his figures may be high His 
average was 46 5 cc of cells per hundred cubic centimeteis of blood 
Bie and Moller ® used defibrmated blood and were careful to centifugate 
to constant volume Their average was 46 4 cc Gram and Norgaard,^® 
using the hirudin method, and centrifugating for one and a half hours 
at 3,000 revolutions per minute, found an average volume of 45 9 cc in 
seven men Osgood,® using the oxalate method, found an average of 
44 84 cc 111 ninety-four men The addition of 3 5 per cent to this figure, 
to allow for shrinkage resulting from the use of 20 mg oxalate with 
10 cc of blood, brings it to 464 cc Whether, on account of their 
methods being a little questionable, the observations of Haden and of 
Bie and Moller be included, or not, the average cell volume, collected to 
a basis of the figure obtained when the blood used is undiluted and 
isotonic, IS 46 4 cc With this figure oiii aveiage of 46 5 cc , in 100 men, 
agrees closely The aveiage of the total of 231 determinations is 46 4 cc 
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Frequency figure 6 shows that 85 per cent of our results ranged 
between 40 and 50 cc , with 54 per cent between 46 and 50 cc This 
agrees closely with Osgood’s figure of over 90 per cent behveen 40 and 
50 cc and 56 per cent betiveen 45 and 49 cc 


VOLUME INDEX 

Capps in 1903, introduced the term “volume index” to express the 
cell volume of a given sample of blood as compared with the normal Its 
determination is similar to that of the color index with the difference 
that cell \olume percentage is considered instead of hemoglobin per- 
centage A volume index of more than 1 is always present when the 
color index is greater than 1, and also in many instances in which the 
color index is less than 1 The volume index is not only of greater 
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Fig 6 — Total volume of cells in 100 healthy young men 
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value than the color index, but serves as an important check on it As 
an accurate determination of cell volume is relatively easy to carry out, 
volume index determinations are of particular value as long as the gen- 
erall}’- used methods of hemoglobin determination remain as inaccurate 
as they now are 

The volume index is determined by dn iding the percentage volume 
of cells (expressed as a percentage of the average normal volume for 
the given sex and age group and calculated to a count of 5,000,000 red 
cells) by the percentage of red cells (5,000,000 being 100 per cent) 
Osgood ® has coined the term ‘Volume coefficient” as a substitute for 
the expression, “volume of packed red cells per 100 cc of blood cal- 
culated to a red cell count of 5 million ” 


18 Capps, J A A Study of Volume Index, J M Research 5 367, 1903 
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Accurate data for the determination of volume coefficient aie supplied 
by Giam and Norgaaid/° whose aveiage was 42 2 in seven men, and h} 
Osgood,^ whose aveiage becomes 42 23 in ninet 3 ’’-foui men, when a 
coirection is made for the erior resulting fiom the use of oxalate The 
average of these lOl^deteiminations is 42 23 cc Oui average (corrected 
for the use of oxalate) was 39 95 cc in 100 men Oui low volume 
coefficient is the lesult of our high aveiage led cell count The average 
foi these 201 determinations is 41 09 cc This agiees with the figure 
(41 cc ) originally suggested by Osgood as the normal volume coefficient 
for 3 foung men between the ages of 19 to 30 yeai s 

Osgood does not consider the data given by Haden^^ (aveiage 
volume coefficient of 45 8 in twenty men) or by Bie and Moller ° (aver- 
age of 42 0 in ten men) as being sufficiently accuiate to be included In 
any case, the addition of their obseivations does not greatl 3 ’^ mciease 
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Fig 7 — ^Volume indexes and volume coefficients in 100 healthy young men 


the aveiage volume coefficient (the a\eiage for 231 men becomes 
41 54 cc ) 

Recalculation of aveiage volume indexes fiom the data supplied by 
vaiious authois, on the basis of a volume coefficient of 41 cc , reveals 
the following Haden (Kansas City), twenty men, avei aging 112, 
Osgood (Oiegon), ninety-four men, aveiagmg 105, Gram and Nor- 
gaard (Denmark), seven men, averaging 104, Bie and Moller (Den- 
mark), ten men, aveiagmg 1 02, Wintrobe and Miller (Louisiana), 100 
men. aveiagmg 0 97, making a total of 231 men, aiei aging 1 02 

Fiequency figuie 7 shows that our most fiequently occuriing volume 
coefficient was 41, coi responding to a volume index of 1 Oui aierage 
Avas 39 7, coiiesponding to a volume index of 097 Sevent 3 -sei^en per 
cent of OUI volume coefficients ranged betiveen 37 and 45 cc , correspond- 
ing to volume indexes of 0 90 to 1 1, while 88 pei cent fell between 
35 and 45 cc , coriesponding to volume indexes of 0 85 to 1 1 Osgood 
found 90 per cent between 37 and 45 cc , coriesponding to volume 
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indexes of 0 9 to 1 1 and 98 per cent between 35 and 45 cc , conesponding 
to \ olume indexes of 0 85 to 11 

SATURATION INDEX 

It IS a common impression that coloi index is an expiession of the 
saturation of led cell with hemoglobin This is of couise not tuie, since 
color index is the expression of the relation of hemoglobin to the num- 
ber of erythroc 3 des To denote the relation of hemoglobin to volume of 
er}thiocytes, Haden^’- has suggested a new index, the “saturation 
index,” which expresses the latio between the concentration of hemo- 
globin pel unit ^ olume of cells in a particular subject, and the average 





Fig 8 — Saturation indexes in 100 health} young men 


concentiation of hemoglobin per unit t olume of cells in noimal subjects 
of the same sex and age group 

Haden calculated the saturation index by dividing the color index by 
the volume index Since this is the same as dividing the hemoglobin 
peicentage by the volume percentage, and since in so doing one derives a 
clearer conception of the meaning of the saturation index, we suggest 
that the saturation index be defined as, “the proportion of hemoglobin 
per unit volume of cells, expressed in proportion to the normal,” and be 
calculated by dniding hemoglobin per cent by volume per cent 

Onl} in normal blood, in which both the number and the volume of 
red cells are normal, are color index and saturation index synonomous 
According to Haden, a supersaturation of red cells nevei occurs, and the 
saturation index never rises abo\e 1 
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The available data foi normal men between the ages of 19 and 30 
yeais, recalculated on the basis of a hemoglobin coefficient of 14 3 Gm 
and a volume coefficient of 41 cc , show the following average saturation 
indexes Bie and Mollei,“ ten men, avei aging 091, Gram and Nor- 
gaard,^° seven men, avei aging 0 93, Haden,^^ twenty men, a\eraging 



Pig 9 — Indexes in different parts of the world on healthy young men The 
black areas represent the color index , the lined area represents the a olume inde' , 
and the cross-patched area the saturation index 

0 98, Osgood, ° ninety-four men, aveiaging 097, making a total of 131 
men, aveiaging 097 

Our avei age foi 100 men was 098 The aierage for the 231 men 
is 0 97 
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Frequency figure 8 shows the fiequenc}’- distribution of saturation 
indexes in our 1(30 men It will be seen that the aveiage and peak 
coincide Eighty -one pei cent of our satuiation indexes occuried 
between 0 9 and 1 1, as compared with o^ei 90 per cent of Osgood’s 
saturation indexes falling within that range 

The method of detei mining the color, volume and satuiation indexes 
IS best illustrated by an example A given sample of the blood of a 
man, aged 25, contains 5,850,000 red cells per cubic millimeter, 15 87 Gm 
of hemoglobin pei hundred cubic centimeteis, and 46 5 cc packed red 
cells per hundred cubic centimeters 

The percentage of hemoglobin is 15 87 divided by 14 3 (the hemoglobin coeffi- 

15 87 

cient for the given age group and sex) or X 100 = 111 per cent 

14 3 
5 85 

The percentage of cells is X 100= 117 per cent 

50 

Hb% 111 

Color index is , or = 0 95 

RBC% 117 

The cell volume percentage is 46 5 divided by 41 (volume coefficient for the 
46 5 

given age and sex), or X 100 = 113 4 per cent 

41 

Vol% 113 4 

Volume index is , or = 0 97 

RBC% 117 0 

Hb% 1110 

Saturation index is , or = 0 98 

VoI% 113 4 

Table 3 — Observations on the Blood m Healthy Young Men Between 19 and 30 
Yeais of Age m Diffeicnt Paits of the Wo? Id' 


Red 

Blood 

Cells 


Cases in 



/ 

A ^ 

Mil 

Author 

Xo 

Location 

lions 

Osgood 

137 

Oregon 

5 39 

Wintrobe and Miller 

100 

Louisiana 

5 85 

Haden 

20 

Kansas City 

5 08 

Bie and Moller 

10 

Denmark 

5 53 

Gram and Norgaard 

7 

Denmark 

539 

Average 
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Blood Volume 

A 

Red 

Hemoglobin Blood Indexes 


Gm 

Coeffi 

cient 

per 
100 Cc 

Coeffi- 

cient 

r 

Color 

Vol 

ume 

Satu 

ration 

15 76 

14 03 

46 4 

42 2 

102 

105 

097 

15 S7 

13 GG 

46 5 

397 

0 95 

0 97 

093 

15 83 

15 57 

46 5 

45 S 

109 

112 

0 98 

14 75 

13 34 

46 4 

42 0 

0 93 

102 

0 91 

14 89 

13 82 

45 9 

42 2 

097 

104 

0 93 

15 75 

14 29 

46 4 

41 5 

100 

102 

0 97 


* Caleulations are based on a hemoglobin coefficient of U 3 Gm and a volume coefficient 
of 41 cc 
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Table 4 Ob'^civatwus on the Blood in One Hnndicd Nonnal Young Min 


Sub- 

Age 

Red Cell 
Count, 
Millions 
per 

Hemo- 

globin, 

Gm 

per 

Hemogio 
bin per 

100 Ce per 

5 Million 

Color 

"Volume 
of Cells 
per 

Volume of 
Cells per 
100 Cc 
per 

Volume 

S Uu 
ration 

ject 

C Mm 

100 Cc 

Cells 

Index 

100 Cc 

5 Million 

Index 

Index 

1 

19 

548 

1340 

12 30 

0 86 

45 9 

41 9 

1 02 

0 34 

2 

24 

5 69 

14 50 

12 70 

0 89 

341 

30 0 

0 73 

1 22 

3 

22 

5 59 

15 25 

13 64 

095 

41 5 

371 

0 91 

101 

4 

24 

661 

16 20 

12 30 

0 86 

49 7 

37 6 

092 

091 

5 

21 

6 09 

16 05 

13 50 

0 93 

501 

412 

100 

093 

6 

22 

554 

16 60 

15 00 

105 

479 

432 

105 

1 00 

7 

23 

6 03 

16 20 

13 40 

0 94 

47 6 

39 5 

097 

0 97 

8 

27 

520 

16 20 

15 60 

109 

46 9 

451 

110 

099 

9 

27 

468 

15 03 

17 00 

118 

40 2 

42 9 

1 05 

1 12 

10 

28 

5 88 

16 05 

13 65 

0 95 

45 8 

39 0 

0 95 

1 OO 

11 

23 

5 40 

16 75 

16 50 

109 

48 4 

14 8 

1 08 

1 01 

12 

22 

5 53 

18 30 

16 50 

116 

46 6 

42 2 

1 02 

112 

13 

22 

5 32 

16 75 

15 70 

110 

51 5 

48 4 

118 

0 93 

14 

24 

4 70 

16 33 

17 40 

121 

36 4 

387 

0 95 

126 

15 

22 

5 84 

17 02 

14 50 

1 02 

40 2 

34 5 

084 

1 20 

16 

24 

5 32 

16 90 

15 90 

111 

45 3 

42 7 

1 03 

1 00 

17 

21 

5 37 

16 05 

15 00 

104 

38 9 

36 2 

069 

116 

18 

20 

5 58 

17 25 

15 40 

108 

43 6 

390 

0 95 

113 

19 

25 

6 53 

17 25 

13 20 

092 

481 

30 8 

090 

102 

20 

25 

514 

15 (S 

16 20 

106 

43 3 

421 

103 

102 

21 

23 

564 

14 80 

13 10 

0 92 

47 9 

42 5 

1 03 

088 

22 

21 

562 

16 00 

14 20 

1 00 

45 9 

40 8 

100 

1 00 

23 

22 

599 

15 95 

13 30 

093 

379 

317 

077 

1 20 

24 

25 

615 

16 00 

13 50 

0 94 

47 2 

38 4 

0 94 

1 00 

25 

21 

6 67 

16 35 

12 30 

0 86 

43 2 

319 

0 79 

1 09 

26 

21 

5 46 

16 25 

14 90 

104 

491 

44 9 

109 

0 95 

27 

23 

5 27 

15 80 

15 00 

105 

19 0 

46 0 

113 

092 

28 

23 

4 98 

16 05 

16 30 

113 

471 

47 3 

1 15 

0 98 

29 

23 

518 

15 24 

14 70 

103 

50 5 

488 

1 19 

0 87 

30 

21 

6 69 

16 20 

12 10 

0 85 

46 8 

35 0 

0 65 

100 

31 

21 

558 

16 05 

14 56 

100 

10 3 

41 0 

1 00 

1 00 

32 

24 

6 71 

17 50 

13 00 

091 

566 

42 2 

103 

0 88 

33 

26 

5 80 

15 23 

1310 

0 92 

45 5 

39 3 

096 

096 

34 

24 

5 71 

15 38 

13 50 

0 94 

45 5 

39 9 

0 98 

096 

35 

25 

5 24 

15 77 

15 00 

105 

410 

392 

0 96 

1 09 

36 

28 

5 45 

16 65 

15 30 

107 

48 9 

44 9 

109 

0 98 

37 

24 

5 67 

16 95 

15 20 

106 

46 2 

41 5 

1 01 

099 

38 

24 

5 75 

16 27 

14 10 

0 99 

43 0 

375 

0 92 

1 08 

39 

24 

5 52 

15 25 

13 80 

0 97 

47 4 

43 0 

104 

092 

40 

25 

612 

16 48 

13 50 

0 94 

47 3 

38 7 

0 95 

0 99 

41 

22 

586 

16 25 

13 90 

097 

47 4 

40 4 

099 

098 

42 

24 

6 21 

15 93 

1280 

090 

43 6 

35 2 

065 

106 

43 

21 

5 30 

15 45 

14 60 

102 

40 7 

44 0 

1 00 

0 9'> 

44 

22 

597 

15 48 

13 00 

0 91 

48 7 

40 8 

100 

0 91 

45 

23 

5 55 

16 00 

14 40 

100 

450 

40 6 

099 

101 

46 

22 

633 

15 93 

12 00 

088 

52 0 

41 5 

1 01 

066 

47 

23 

6 23 

16 75 

13 40 

094 

48 8 

39 2 

0 96 

0 98 

48 

25 

6 41 

16 00 

12 50 

0 87 

501 

392 

0 90 

0 91 

49 

23 

5 94 

16 40 

13 80 

097 

47 5 

40 0 

0 98 

099 

50 

23 

5 74 

15 94 

13 90 

0 97 

39 5 

34 4 

064 

1 15 

51 

23 

7 35 

17 85 

1210 

085 

54 4 

37 0 

0 91 

0 94 

52 

23 

6 57 

16 70 

12 70 

089 

18 4 

36 9 

0 90 

100 

53 

21 

619 

16 55 

1340 

0 94 

52 2 

42 2 

1 02 

0 91 

54 

23 

7 53 

15 70 

10 40 

0 73 

47 2 

313 

0 76 

0 96 

55 

25 

664 

16 00 

12 00 

084 

48 7 

36 7 

0 90 

0 94 

56 

25 

688 

17 35 

12 60 

088 

49 4 

359 

0 68 

1 00 

57 

25 

661 

16 10 

12 20 

085 

52 9 

40 0 

0 93 

0 66 

58 

24 

6 35 

1610 

12 70 

0 89 

50 5 

39 8 

0 97 

0 92 

59 

23 

6 36 

15 SO 

12 40 

087 

45 4 

35 8 

0 83 

100 

60 

24 

6 46 

17 60 

13 60 

0 95 

51 9 

40 2 

0 93 

0 97 

61 

25 

5 09 

14 50 

14 20 

100 

41 5 

40 8 

ICO 

1 00 

62 

27 

6 29 

17 50 

13 90 

097 

44 3 

35 3 

087 

1 12 

63 

26 

6 24 

14 so 

1190 

0 83 

45 5 

30 5 

0 90 

0 93 

64 

23 

482 

14 30 

14 80 

104 

40 3 

41 8 

1 01 

192 


22 

5 35 

15 60 

14 60 

102 

44 8 

419 

1 02 

100 

65 

23 

5 87 

15 22 

IS 00 

0 91 

421 

35 9 

0 89 

103 

67 

SO 

6 24 

16 00 

13 30 

093 

516 

41 4 

1 01 

092 

6S 

25 

558 

15 50 

13 90 

0 97 

48 3 

43 3 

I 04 

0 92 

69 

21 

4 94 

15 40 

15 60 

109 

47 0 

47 0 

1 16 

0 93 

70 

22 

618 

16 05 

13 00 

0 91 

50 5 

40 9 

1 00 

0 91 

71 

22 

634 

16 05 

12 00 

0 89 

52 7 

41 0 

100 

0 39 

72 

22 

613 

16 60 

12 70 

0 89 

42 0 

34 3 

084 

100 

73 

21 

5 55 

15 65 

14 10 

0 99 

47 9 

43 2 

1 04 

0 91 

74 

21 

544 

15 85 

14 60 

102 

46 0 

42 3 

1 03 

0 uo 

75 

70 

21 

586 

16 20 

13 80 

0 97 

48 9 

41 7 

101 

006 

28 


14 30 

12 70 

0 89 

419 

371 

0 91 

093 

77 

27 

5 86 

13 70 

1170 

0 82 

47 3 

40 4 

099 

083 

78 

24 

5 38 

13 75 

12.80 

090 

45 8 

42 6 

1 03 

0S6 
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Table 4 — Obseivatwns on the Blood tn One Hnndicd 
Noimal Young Men — Continued 




Red Cell 

Hemo- 

Hemoglo- 



Volume of 





Count, 

globin, 

bm per 


Volume 

Cells per 





Millions 

Gm 

100 Cc per 


of Cells 

100 Cc 


Satu 

Sub 


per 

per 

5 Mllion 

Color 

per 

per 

Volume 

ration 

aect 

Age 

OMm 

100 Ce 

Cells 

Index 

100 Cc 

5 Million 

Index 

Index 

79 

24 

021 

14 30 

1120 

0 81 

46 0 

370 

0 91 

090 

80 

21 

5 78 

14 35 

12 40 

087 

47 3 

40 9 

100 

087 

81 

21 

631 

15 es 

12 40 

0 87 

510 

40 5 

099 

088 

82 

25 

589 

16 20 

13 80 

096 

47 4 

40 3 

0 98 

0 96 

83 

21 

611 

16 20 

13 20 

0 93 

49 4 

40 4 

099 

0 94 

84 

23 

689 

16 42 

1190 

083 

49 2 

35 7 

088 

096 

85 

30 

5 96 

16 28 

13 70 

096 

487 

40 8 

100 

0 97 

85 

24 

600 

16 33 

13 70 

096 

60 3 

42 0 

1 02 

0 94 

87 

22 

6 79 

16 75 

12 30 

086 

502 

370 

0 91 

096 

88 

28 

517 

14 20 

13 70 

0 96 

41 5 

40 2 

0 98 

098 

89 

25 

5 57 

15 85 

14 20 

099 

45 8 

412 

100 

099 

90 

30 

5 39 

16 42 

15 20 

106 

503 

46 7 

113 

0 94 

91 

21 

590 

1518 

12 90 

090 

41 1 

348 

086 

105 

92 

23 

660 

17 00 

12 90 

090 

510 

387 

0 95 

0 95 

93 

27 

5 78 

15 80 

13 70 

096 

48 7 

42 2 

102 

0 93 

94 

24 

513 

14 30 

13 90 

098 

42 6 

415 

100 

0 98 

95 

25 

561 

15 30 

13 60 

0 95 

42 9 

38 3 

094 

101 

95 

29 

6 44 

15 24 

1180 

083 

46 2 

35 9 

088 

0 96 

97 

26 

5 38 

14 65 

13 70 

096 

40 9 

38 3 

094 

102 

98 

29 

568 

14 45 

12 70 

089 

42 9 

37 8 

0 93 

0 96 

99 

21 

561 

14 36 

12 80 

0 89 

46 9 

418 

101 

088 

100 


5 01 

14 30 

14 30 

100 

44 3 

442 

107 

0 91 

Avenge 

585 

15 87 

13 65 

0 96 

46 5 

399 

097 

0 98 


SUMMARY 

1 The aveiage red cell count in 100 healthy young men between 
19 and 30 years of age was 5,850,000, with 95 per cent between 5,000,000 
and 6,900,000 In contrast to this, Osgood, in Oregon, found an average 
of 5,390,000 with 90 per cent between 4,700,000 and 6,100,000 

2 The aveiage total hemoglobin per hundred cubic centimeters of 
blood in 100 young men was 15 87 Gm , with 87 pei cent between 14 and 
169 Gm Osgood found an average of 15 76 Gm with 90 per cent 
between 14 and 18 Gm 

3 Our average hemoglobin coefficient was 13 66 Gm pei hundred 
cubic centimeters of blood Osgood found an average coefficient of 
14 66 Gm 

4 Our a^ erage color index was 0 95, while the average volume index 
was 0 97 A slight difference between the color and volume indexes, 
calculated from data obtained in different parts of the world, is noted 

5 The aveiage total volume of packed red cells in 100 young men 
was 46 5 cc pei hundred cubic centimeters of blood Osgood found an 
average of 46 4 cc in ninety-four 3 '^oung men 

6 Our average volume coefficient was 39 95 cc per hundred cubic 
centimeters of blood Osgood found an average coefficient of 42 23 cc 

7 It IS suggested that the saturation index be defined as “the propor- 
tion of hemoglobin per unit volume of cells, expressed in proportion to 
the normal ” and be calculated by dividing pei cent of hemoglobin by 
pel cent of volume 
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CONCLUSIONS 

Accurate blood determinations in the South as compared w ith similar 
determinations made m other parts of the world shoued a somewhat 
higher red cell count, with hemoglobin content and \olume of packed 
red cells practically the same as elsewhere The hemoglobin and volume 
coefficients were somewdiat loiver, as ivere also the color and ^olume 
indexes 

The normal blood figures for healthy j'Oung men between 19 and 30 
years of age, calculated from several hundred accurate determinations 
made in different parts of the world, are 5 570,000 red cells 15 88 Gm 
of hemoglobin per hundred cubic centimeters of blood and 464 cc of 
packed red cells per hundred cubic centimeters of blood The a\erage 
hemoglobin coefficient of 143 Gm per hundred cubic centimeters of 
blood should be used as 100 per cent b)^ the various clinical hemoglo- 
binometers, while the aierage lolume coefficient of 41 cc per hundred 
cubic centimeters of blood may be taken as 100 per cent in the calcula- 
tion of volume index 



EXPERIMENTAL BILE PERITONITIS AND ITS 
TREATMENT IN THE DOG"- 

O H HORRALL, M D , Ph D 
CHICAGO 

Bile peritonitis has been the subject of much discussion Some 
writeis have denied that bile plays any role m the production of the 
symptoms that accompany rupture of the gallbladder or bile ducts and 
have attributed the serious effects to bacterial action 

CLINICAL LITLRATLRL 

Buchanan summarized the literature on bile peritonitis without evi- 
dent perforation of the biliary tract and came to the conclusion that theie 
were no tjpical symptoms or signs and that there was insufficient evi- 
dence to make such a diagnosis even after operation or post mortem 

Many theories have been advanced as to the cause of this condition 
Clairmont and von Hoberer’s filtration theory, Newaverch and Luebke’s 
microscopic perforation , Lich and Fraenkel’s small almost invisible per- 
foration , a rupture subsequently healed, rupture of the interhepatic bile 
canal of Newaieich, and postperitoneal perforation of the common duct 

Keene, Da Costa, Judd and Burden, Le Jars, Cumston and Pincoffs 
and Boggs concluded that bile will do little damage to the peritoneum 
unless infection is present Nevertheless, Keene stated that death 
usually follows within twenty-four hours when there is a traumatic 
rupture of the gallbladder Ochsner thought that the seiious symptoms 
are due to fibroplastic peritonitis 

Gosset, Desplas and Bonnet renewed 111 cases, mostly spontaneous 
perfoiation of the gallbladder into the peritoneal cavity, in which 
operation was pei foimed The mortality was 52 2 per cent They stated 
that peifoiation of the gallbladder is much more serious than perforation 
of gastric or duodenal ulcer The diagnosis is more difficult to make 
because the clinical symptoms are more rarely met Meissner reported 
tweHe cases of rupture of the common duct with eight deaths and seven 
cases of lupture of the hepatic ducts, with five deaths 

EXPERIMENTAL LITERATURE 

Clairmont and von Hoberer occluded the common duct experimentally 
in dogs and reported that four had died with intrapentoneal bile effusion 
Avithout perforation of the bile tract Bacteriologic reports were not 
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given Fraenkel and Kiaus used aseptic technic Tliey did not find 
any ill eftects from opening the gallbladder by laparotomy in guinea-pigs 
and labbits, but added that the unsutuied wound of the gallbladder 
cicatrized, and that there wcie quite a few adhesions about it, thev 
attiibute the chief role to bacteria 

Whole bile was injected intraperitoneall} into rabbits by Bunting and 
Blown, they found that from 025 to 0 5 cc per kilogram killed the 
animals in twenty-four hours Sellards injected autobile and hctcrobilc 
intraperitoneally into rabbits weighing 1,000 Gm and found that 15 cc 
caused death in a few hours He also had the same lesults with 
guinea-pigs 

Sellards injected beef bile and a bile salt, sodium glycocholate, wdiich 
had been sterilized in an autoclave, intiapentoneally into labbits and 
guinea-pigs, and found that death occuired in fiom eight to fifteen hours, 
The bile salt solution used was from 5 to 13 pei cent This strength is 
■excessive, for these salts do not occiii m that stiength in hepatic bile 
Also, the wdiole bile used was from a difterent type of animal 

ANALYSIS OF PROBLEM 

The questions that naturally arise are in regaid to the effect of 
autogenous bile fiee m the peritoneal cavity, whether bacteria are the 
sole harmful agents or whether they do not have any relation to the 
symptoms and the condition found at autopsy in bile peritonitis, what 
wnll be the eftect of bile continuously pouring out into the peiitoneal 
cavity, what difference in symptoms will be produced by varying the 
quantity of bile and what effect will bile fiom other dogs injected into the 
peritoneal cavity produce 

METHODS 

1 All experiments were performed on dogs anesthetized with ethei 
and operated on aseptically The abdomen was opened along the edge of 
the right rectus muscle, the tip of the gallbladder caught up wnth forceps, 
a purse-string suture placed about the tip, and then the gallbladder was 
opened, letting the bile spill out into the peritoneal cavity , the opening w^as 
then closed with the puise-strmg suture, the edges of the bladder being 
inveited The intestines w^ere moved about to insuie thorough distribu- 
tion of the bile ocer the peritoneum, and the abdomen was closed Gen- 
eial symptoms were noted, and various tests applied as indicated 

2 An intraperitoneal fistula of the gallbladder was made aseptically 
under ether anesthesia The bile was spilled into the peritoneal cavity 
and stirred about so that it would come into contact wnth much of the 
peritoneum The edges of the opening in the gallbladder were stitched 
back, to prevent spontaneous closure, and the abdomen closed 
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3 Bile was removed aseptically from the gallbladdeis of Ining dogs 
under anesthesia with a syringe and needle Bile was collected fiom 
eight to twelve dogs, mixed, culture taken, and immediately injected by 
paracentesis into the peritoneal cavity of dogs, the quantity for single 
dosage being varied and repeated small doses also Demg given to othei 
dogs Part of the bile was sterilized in an autoclave at 15 pounds pies- 
sure for thirty minutes before injection 

1 THE EFFECT OF BILE FROM THE GALLBLADDER SPILLED INTO THE 

PERITONEAL CAVITY 

The animal was operated on, February 17 There was slight postoperative 
vomiting , the animal was fed the second day food and water were both retained , 
the animal was rather thirsty , it was up and walking about and ill effects were not 
apparent, the urine showed a slight trace of bile, and no albumin or sugar, the 
actions were entirely normal On May 5, the dog was killed so the pathologic 
effects of the bile could be noted At autopsy, the dog was well nourished and 
in excellent condition An entirely normal condition was found, except that there 
were a few adhesions about the tip of the gallbladder where the incision had been 
made Cultures were made from the bile at the time of operation and from the 
peritoneal cavity at autopsy At operation, staphylococci were found in one case 
and a bacillus in another Bacteria were not found at autopsy m any case 

2 THE EFFECT OF BILE CONTINUOUSLY POURING OUT INTO THE 

PERITONEAL CAVITY 

Dog 6 — The animal weighed 10 Kg , a fistula of the gallbladder was made 
The animal vomitted frequently, severe retching occurred, thirty minutes later 
there was a bowel movement Later, frequent watery stools were passed, seven 
hours later, the animal staggered and was much weaker and rather listless , fifteen 
hours later, the heart was irregular and slow and the respirations slow and slug- 
gish The dog was hardly able to stand, and gradually became weaker and passed 
into coma, it did not have convulsions, was difficult to arouse and passed frequent 
bloody stools , twenty-two hours later, it died in coma , no urine was passed At 
autopsy, the lungs were slightly congested m spots, the heart was soft and flabby, 
the peritoneal cavity contained 275 cc of slightly bloody fluid deeply stained with 
bile and a few gelatinous masses The peritoneum was stained yellow, but this 
was most marked in the diaphragmatic portion , the peritoneum of the lesser 
omental cavity was also stained, the liver was markedly congested, bile was not 
found in the ducts or bladder, the lumen of the gallbladder was open The 
intestines were covered with many small petechiae, which were most plentiful 
over the ileum, the intestines did not contain bile, the mucosa of the colon and 
small intestines was markedly congested, and the contents of the colon watery 
and bloody , the greater omentum was stained deep yellow and contained numerous 
petechiae The kidneys were congested and bluish-red, the urinary bladder 
contained 2 cc of heavy bile colored urine, the chemical tests showed much bile 
and 5 per cent of albumin Microscopic examination showed many red blood cells, 
few w'hite blood cells, also renal cells and debris , cultures w'ere negative 

Dog 4 — A fistula of the gallbladder was made The animal continued to \omit 
intermittentlj for four dajs, especially soon after eating or drinking On the fifth 
daj vomiting ceased and recovery w'as rapid The urine for the first twenty-four 
hours contained much albumin and bile pigment which continued heavy for six 
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days and then gradually diminished, the bile disappearing first The dog uas 
1 e sixty-eigit days following operation At autopsj, the greater omentum \sas 
a lerent over t e liver and the small and large intestines, when it i\as dissected 
away, the lobes of the liver were found firmly bound together, uhen these lobes 
were separated a sac was opened which contained 10 cc of bile , this communi- 
cated directly through the patent lumen into the gallbladder and ducts , all cultures 
were negative , the urine obtained at autopsy was normal 

Dog 8 A fistula of the gallbladder was made The animal vomited some and 
had diarrhea for forty-eight hours On the third day marked edema of the ejehds 
and lips occurred, as well as anasarca of the subcutaneous tissues of the bodj , on 
the third day the edema had diminished somewhat , the urine showed albumin, 
5 per cent, many red blood cells, a few white blood cells, much debris and some 
bile On the seventh day, the animal was sluggish and moved only -when poked 
The urine showed albumin and bile , the stool contained bile The animal died 
eleven days after operation At autopsy, the dog was markedly emaciated There 
was 50 cc of bile colored fluid in the peritoneal cavity, partial closure of the 
lumen in the gallbladder was caused by adhesions of the edges of the luer, leaving 
only a needle-like opening through which bile passed into the peritoneal cavitj , the 
bile ducts were patent , bile was present in the intestinal contents , the intestinal 
serosa was congested , the kidneys were congested , the greater omentum w as much 
atrophied, but was adherent to the edge of the liver, cultures were negative 

SUPPLEMENTARY OPERATION 

In addition to the operation used in method 2, a supplementarj operation was 
made m which the common duct was doubly ligated and sectioned This, of 
course, would cause all the bile to flow from the liver to the gallbladder and out 
into the peritoneal cavity The symptoms were similar to those reported for dog 6 
Two dogs were used, 14 and 15, each of about the same weight Both died 
twenty-three hours after the operation The conditions found at autopsy uere 
similar In dog 14, the bacteriologic culture of the peritoneal fluid was negative 
In dog 15, Bacillus coh was obtained on culture 

Double ligation and section of the common duct only was used in dog 11 The 
animal progressed favorably as if nothing had been done, on the sixteenth da>, it 
jumped off a table 52 inches high and within a few minutes appeared to be in dis- 
tress and the abdominal muscles became tense This was soon followed by ^olnlt- 
ing and the other symptoms of bile peritonitis Death occurred tv enty-f our hours 
later The condition found at autopsy was typical of bile peritonitis, a small 
perforation of the common duct 1 inch (2 5 cm ) above the ligature permitted bile 
to flow freely into the peritoneal cavity when the gallbladder or hepatic ducts were 
compressed Diagnosis in this case was indirect traumatic rupture of the distended 
common duct followed by bile peritonitis, which is a condition similar to obstruc- 
tion of the common duct by stone or tumor, with distention of the gallbladder and 
ducts in man, with rupture from slight trauma followed by peritonitis 

A few days later Dr Ivy observed a similar acute onset of symptoms in a dog 
with which he was working The dog died within twenty-four hours, and at 
autopsy showed a ruptured bile duct 

In section 2 it has been shown that bile is toxic and will produce death The 
following technic was de\ised to determine the quantity of bile necessary to kill 
when free m the peritoneal cavity As the dogs varied so much in v eight, all 
injections were made on the basis of weight, so many cubic centimeters per 
kilogram of body weight 
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3 THE EFFECT OF INTRAPERITOHEAL INJECTION OF BILE 

Dog 13— Into an animal weighing 4 2 Kg, 25 2 cc of bile from the gallbladder 
was injected intrapentoneally, 6 cc per kilogram of body weight The symptoms 
were similar to those in the foregoing cases, but progressed more rapidly, death 
occurred in fifteen hours The conditions found at autopsy were similar except 
that there was more clotted blood m the peritoneal cavity Cultures %vere negative 

Dog 17 — An animal weighing 4 Kg was given 20 cc of bile from the gall- 
bladder intrapentoneally, 5 cc per kilogram of body weight The symptoms were 
similar to those in the foregoing cases, death occurred ten hours after the injection 
The condition found at autopsy also was similar to that found in the foregoing 
cases Culture showed B colt contamination 

Dog 33 — Into an animal weighing 18 Kg, 90 cc of bile from the gallbladder was 
injected intrapentoneally, 5 cc per kilogram of body weight The usual symptoms 
and condition were found at autopsy The animal died after eleven and a half 
hours Cultures were negative 

Dog 34 — Into an animal weighing 12 Kg, 60 cc of bile was injected intraperi- 
toneall}, 5 cc per kilogram of body weight The usual symptoms and condition 
were found at autopsy The dog died after eleven and a half hours Cultures 
w'ere negative 

EFFECT OF SUBEETHAL DOSE GIVEN INTRAPERITONEALLY 

Dog 23 — Into an animal weighing 42 Kg, 16 8 cc of bile from gallbladder 
w'as injected intrapentoneally, 4 cc per kilogram of body weight There was 
immediate spasticity of the abdominal muscles, and the dog appeared to be in dis- 
tress (Intraperitoneal injections of physiologic sodium chloride solutions did not 
cause rigidity and only slight pain when paracentesis was performed ) Five 
minutes later, defecation and retching occurred Ten minutes later vomiting and 
staggering w'ere noticed, the retching and vomiting were repeated every few 
minutes — this was accompanied by thirst and lapping of water and frequent stools 
which became watery and then bloody Nine hours later, there was marked edema 
of the ej'elids and lips , a small amount of urine was passed, which contained bile 
and a trace of albumin, the heart was slow and irregular, respirations were slow' 
Eighteen hours later, the condition had returned practically to normal except for 
anuria Thirty hours later, the urine showed bile and much albumin, some 
edema of the ejehds occurred On the seventh day, the condition was good except 
for slight fluctuatmg edema of the eyelids, the urine showed bile and albumin 
On the tw'enty-eighth day, edema of the eyelids persisted, the urine showed 
albumin m varying amounts On the thirty-first day, the animal died Autopsy 
show'ed many patches of bronchopneumonia in the lungs , the heart was flabby , 
SO cc of bile colored peritoneal fluid was obtained, the liver showed a nutmeg 
appearance, the kidneys w'ere congested, the suprarenals were diminished, espe- 
cially the medulla 

Dog 42 — ^Into an animal weighing 3 Kg, 6 cc of bile from the gallbladder was 
injected intrapentoneally, 2 cc per kilogram of body weight The symptoms w'ere 
the same as m the foregoing cases, but were less severe Tw'enty-four hours later, 
the condition was normal, except the urine contained bile and albumin, the albumin 
gradually diminished , none -was found on the seventh day The dog was normal 
two months after injection 
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INFLUENCE OF BACTERIA 

In a few instances, bacterial growths were obtained from the bile of other 
dogs used for these injections Bacteria were also obtained from the peritoneal 
fluid following death of the dog into which bile had been injected, the cultures 
contained staphylococci or colon bacilli The bacteria in most instances ccrtamh 
could not cause the symptoms and death as the same reactions were obtained in 
dogs in which bacteria were not found in the bile used or in the peritoneal fluid 
at postmortem Nevertheless, for evidence on this point, the following experi- 
ment was done 

Dog 30 Into an animal weighing 1 6 Kg 8 cc of stenlircd bile was injected 
intrapentoneally, 5 cc per kilogram of body weight Death occurred m twent\- 
two hours The symptoms and the condition found at autopsy w ere the ones 
usually seen Cultures were negative 

SUMMARV 

Bile fiom the gallbladder was spilled into the peritoneal cavit} in 
tweiity-fi\e dogs Theie weie no deaths, and the eftects weie slight and 
tiansitoiy Some of the dogs vomited, a few had diarrhea, and the uiinc 
contained vaiying amounts of bile pigment The amount of jaundice 
present was just peiceptible Bacteria were not the cause of these 
symptoms, as steiile or infected bile gave the same lesults 

Intrapeiitoneal fistula of the gallbladdei m seven dogs permitted suf- 
ficient bile to pass into the pei itoneal cavity to cause death within twenty- 
four houis If the fistula was paitly closed, the dog Ined longer, and if 
It was completely closed eaily, the eftects were tiansitory The symp- 
toms preceding death weie biadycardia, low blood piessine, slow 
respiration, anmia and coma, and in many cases edema 

Intrapeiitoneal injection of bile fiom the gallbladdei of dogs into 
nine dogs in amounts of 5 cc or moie per kilogiam of body n eight caused 
death within twenty-four hours Steiilized bile had the same effect as 
shown m the accompanying illustiation 

GENERAL COMMENT 

The fiist series of experiments questioned the supposed i elation of 
bile to peiitonitis, and brought foiward the question as to the combined 
action of bacteiia and bile in the production of the peritonitis Various 
authois have stated that bile w^as practically haiinless ivhen sterile, and 
attiibuted most of the serious cases to the infected contents of the gall- 
bladder One writei stated that almost all gallbladdei s containing stones 
are haiboimg bacteria which become virulent when fiee in the pei itoneal 
caMty But another waiter stated that the bile is generally held to be 
antiseptic and antitoxic If the lattei vvere true there w'ould be little 
need foi the present elaboiate care in the technic of operations on the 
o-allbladder, and a peifoiation of the gallbladder or ducts should not 
cause wmir}^ 
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But when a permanent fistula was made between the gallbladder and 
the peritoneum, all the dogs died within twenty-four hours Baetcna 
were found in only a few cases, and appaiently had little if an} eflcct 
on the course of the disease The only conclusion that could be dra^\n 
was that more bile enteied the peritoneal cavity by way of the fistula 
than when the gallbladder was merely opened, emptied and closed In 
addition, ligation of the common duct precluded the possibility of bile 
passing into the intestines, and all these dogs died within twent}-foui 
hours It appeals that when there is a lumen in the gallbladder wall, 
practically all the bile passes out into the peritoneal cavity, as thei e is not 
enough pressure in the ducts to cause passage of bile into the intestines 
along the normal pathway The ligature also pi everted the possibility 
of panel eatic juice passing out into the peritoneal cavity by way of the 
gallbladder and adding a complicating factoi 

The whole question resolved itself into one of the quantity of bile in 
the gallbladder Hence, bile was taken from the gallbladders of sixty- 
two dogs and measured , the largest amount obtained from one dog was 
24 cc , this dog weighed 19 Kg The smallest amount was 3 cc , the 
average was 8 1 cc , and the aveiage weight of the dogs 9 Kg Accord- 
ingly, when the gallbladder was merely opened, emptied and closed, an 
average of only 0 9 cc per kilogram of body weight got into the peri- 
toneal cavitv When the lumen is left open, certainly a much laigei 
quantity enters within a few houis Bile fiom the gallbladder was then 
injected intraperitoneally in varying amounts up to 6 cc per kilogiam of 
body weight and it was found that 5 cc per kilogiam of body weight 
caused death within twenty-four horns Sterilized bile had the same 
effect as unautoclaved bile 

Chntcal Symptoms and Signs of Bile Peutomiis m Dogs — Rigidity 
of the abdominal muscles, especially in the right upper quadiant, and 
retching and vomiting occur, pain may be extremely severe, eaily 
defecation and later, watery or bloody stools occur, biadycardia, 
irregular heart, weak pulse, slow and iriegular lespiration, eaily restless- 
ness, later, lethargy, and finally coma and death occur, uiine, if obtain- 
able, contains bile and albumin (usually total anuiia) , edema was present 
in 30 per cent of the dogs , jaundice was slight and sometimes question- 
able Apparently the renal poital in dogs is low for bile pigments, as 
they are rapidly excreted in the urine 

TREATMENT OE BILE PERITONITIS 

An attempt was made to tieat animals with bile peritonitis b} intra- 
venous injections, with the idea that it might be possible to neutralize 
the action of bile salts as they came into the blood stream and theieby 
prevent them from injuring the heait, kidneys or other vital organs, and 
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to sustain the blood pressure and heart action Epinephrine ^vas also 
used (dogs 111 and 114) after a lethal dose of bile had been gnen, and 
It was found that epinephrine had only a temporary effect (from three 
to eight minutes) , that the course of the disease ^\as the same aftei the 
effect of the epinephrine, which was transitory, had passed and that 
the course was unmodified, death occurring at the same time as if 
epinephrine had not been used It was hoped by this method to raise 
the blood pressure to such an extent that the kidneys would continue to 
excrete, thereby eliminating the toxic bile salts from the circulation 
Ephedrine had a slightly prolonging effect, but the course of the disease 
was not modified 

The dilution of the bile and bile salts when injected intraperitoneally 
and also their dilution when injected intravenousl} were considered, so 
that a fairly weak solution would be injected, which would not take effect 
so rapidly The use of sodium chloride with bile and bile salts in the 
intra\enous injections appeared to give a slower rate of action, but if the 
total quantit)'- of bile was injected rvithm one hour, the toxic effect was 
the same as with the lesser dilute solutions 

The rate of injection markedly influences the toxic action of bile, as 
was demonstrated by Meltzer and Salant in 1906, but ivlien a gnen 
amount of bile salts or of bile is injected within a period of one hour, 
eien though it may be injected slowly, the apparent total effect is the 
same Of course, if only a small quantity of bile is injected, less than a 
lethal dose per kilogram of body weight, for example, 2 cc , and injected 
as rapidl}^ as it can be put into the blood stream, there may be immediate 
death This occurred in dog 22, when whole bile was injected intra- 
lenousl} The dog died immediately Autopsy showed an immense 
thrombus extending even through the heart and into the lungs This, of 
course, would mean an immediate massive destruction of blood cells, and 
the effect is not due to the toxicity of the bile so much as it is due to the 
mechanical effect of the thrombus Accordingly after that all injections 
vere made slowh enough to aioid the formation of thrombi ^Vhen bile 
IS injected slowl}, a formation of thrombus or a fatalit}* from embolism 
rarely occurs Bile, of course, lakes the blood but I have neier had 
more than a 10 per cent laking of the blood, and this is not sufficient to 
give reaction from tliat alone Serum containing 10 per cent hemoglobin 
from blood taken after intraienous injection of bile (dogs 123 and 118) 
Mas injected mtrar enouslj" into dogs 125 and 119, respectively It did not 
cause a reaction Accordingly, I cannot agree with INIeltzer and Salant that 
large quantities of bile can be injected without toxic effects if one places 
the limit of the injection of the bile or bile salts at the lethal dose within 
one hour, and that has been used as the standard 
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Chemical Methods of Abating Bile Pci itomt is —The hteiatiuc con- 
tains fiequent lefeiences to the effects obtained by injecting calcium, on 
the theoiy that calcium combines with bihiubm, making a hjpocalccnna 
01 diminishing the available calcium A lethal dose of whole bile nas 
injected intiapeiitoneally into dogs and calcium chloiide, 10 pei cent, 
given intiavenously at various iiiteivals, but the dogs died, as usual, m 
twenty-foui hours Because of the transitoi} nature of excess calcium 
in the blood and the exceedingly lapid action of bile in the blood, \aiious 
mteivals of time were used between the injection of calcium and bile m 
the blood, also, various quantities of calcium chloiide weie used, but the 
couise of the disease was not affected Calcium chloiide was then mixed 
with whole bile befoie a lethal dose of bile was injected into the peii- 
toneal cavity, and to my suipiise the dogs lived only half as long as the 
average dog lived without the use of calcium chloride Appaienth , then, 
the action of calcium chloiide was the exact reveise of what was 
expected The experiment was repeated several times, and the lesults 
were the same in all cases, that is, there was not only no piotectue action, 
but the length of life was shortened by a half The question then came 
up as to the toxicity of the calcium chloiide which was injected Foi a 
control, the same quantity of the same piepaiation of calcium chloiide 
was injected into the peritoneal cavity, and toxic effects did not occur 
(table 1) 

Calcium Lactate — Stewait and King stated that they lendeied the 
bilirubin inactive by the use of calcium lactate Calcium lactate was 
mixed with whole bile and the mixtuie injected intiapeiitoneally, and the 
dog lived foi ninety-six houis At autopsy, the abdomen was literally 
filled with adhesions and exudate, the most extensive that had }et been 
observed To be sure, life was prolonged, but the marked tendencv to 
adhesions would ceitainly be serious The second dog lecened calcium 
lactate and bile intrapei itoneally and died in twelve houis Autops) 
showed a large quantity of fluid in the peiitoneal cant) — typical bile 
peiitonitis The contiol dog m which calcium lactate alone was injected 
lived for seveial weeks 

Cholesterol and Lecithin — Cholesteiol and lecithin ^^ele considered 
because of their association with bile in the gallbladder Puie cholesterol 
and lecithin were each mixed sepaiately with whole bile and injected 
intravenously The toxic effects were slightl} diminished \\'hen the} 
were injected intrapei itoneally, a modification in effects vas not noticed 
wSo apparently, then, the cholesteiol and lecithin when injected uith pine 
bile salts or with the bile itself modify the toxic effect onh shghtiv 

Pats In a lecent aiticle by Pottei on the tieatment of fistula follow- 

ing operation on the gallbladder, diains soaked in olive oil weie adiised 
I had previously thought that peihaps the bile in the intestine is 
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physiologically rendered inactive by its early combination with fats 
Accordingly, I used olive oil mixed with bile and bile salts for mtra- 
peritoneal injection, and m all cases found that the dogs died much 
soonei than they would have died without the use of olive oil The 


Table 1 —Inti apentoncal Injection of Whole Bile fiom the Gallbladdei 

and Bile Substances * 


Weight, Amount, 

Dog Xg Materia] Cc Results 

126 5 0 Bile 25 8 a m , calcium chloride, 10%, 5 cc , Dead after 24 hours, typical 

intravenously bile peritonitis 

3pm, calcium chlonde, 10%, 5cc , 
intravenously 

8pm, calcium chloride, 10%, 5cc , 
mtravenouslj 


127 

20 

Bile 

10 

Calcium chlonde, 9 cc , intrapen 
toneally 

Dead after 11 hours, intes 
tinal contents bloodj 

128 

60 

Bile 

30 

Olive oil, 20 cc , intrapentoneally 

Dead after 5 hours, bile 
peritonitis 

129 

37 

Bile 

18 5 

Calcium lactate, 5%, 10 cc , intra- 
peritoneally 

Dead after 96 hours, many 
pentoneal adhesions, bile 
peritonitis 

loO 

95 

Bile 

47 

9am, physiologic sodium chlo- 
ride, 200 cc , intrapentoneally 
3pm, physiologic sodium chlo- 
ride, 200 cc , intrapentoneally 

S p m , physiologic sodium chlo 
ride, 200 cc , intrapentoneally 

Condition remained good, 
living after 35 days 

132 

22 

Bile 

11 

Olive oil, 4 cc , intrapentoneally 

Dead after 7 hours, pento 
neum pale 

133 

40 

Bile 

20 

Calcium chloride, 10%, 10 ec , 
intrapentoneally 

Dead after 6 hours pento 
neum hyperemic, fluid 

134 

40 

Bile 

20 

Calcium lactate, 5%, 20 cc , intra- 
pentoneally 

Dead after 12 hours, fluid in 
peritoneal cavity 

135 

52 

Bile 

31 

4pm, sodium chlonde, 0 8%, lOO 
cc , intravenously 

11 p m , sodium chloride, 0 8%, 100 
cc , intravenously 

Dead after 5 days, adhe 
sions throughout abdo 
men, fluid in abdomen, 
200 cc 


Sam sodium chloride, 0 S%, 100 
cc , intravenously 
2pm, sodium chloride, 0 8%, 50 
cc , intravenously 

136 2 8 Bile 14 4 30 p m , sodium chloride, 0 8%, Dead after 6 days, no ad 

100 cc , intrapentoneally hesions in abdomen, cause 

11 p m , sodium chlonde, 0 8%, 100 of death not determined 
cc , intrapentoneally 
Sam sodium chloride, 0 8%, 100 
cc , intrapentoneally 
3pm sodium chloride, 0 8%, 50 
cc , intrapentoneally 


137 

50 

Calcium lactate, 5%, 20 cc , intra 
pen toneally 

Dead after 
monia 

8 days. 

pneu 

138 

52 

Calcium chlonde, 10%, 10 cc , 
intrapentoneally 

Diving after 

20 days. 

well 

139 

70 

Olive oil, 20 cc , intrapentoneally 

Diving after 

20 days. 

well 


* Bile was mixed with various chemicals to test the inhibitory effects of such chemicals 
on the toxicity Calcium chlonde, calcium lactate and olive oil did not have an inhibitory 
power but eien in most instances caused acceleration of the poisonous action of bile injec 
tions of these chemieals alone into control dogs did not cause toxic symptoms Barge 5““^ 
titles of sodium ehloride solution given intravenously and especially intrapentoneally proaucea 
the most favorable results 

contiol dog in which olive oil alone was injected intiaperitoneally was 
living twenty days later and was normal The results suggested the 
theory that the fats rendered the bile salts much more rapidly absorbable, 
and instead of the immense amount of fluid being poured out into the 
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abdomen and the bile salts being absorbed at such a late that the\ caused 
death within twenty-four hours, the bile salts with fat ^\ele absorbed 
so that death occurred within from flee to se\en hours 

Smgical eatment of Bile Peutomiis — In a number of dogs the 
gallbladder was opened and left open as in the early opeiations and aftci 
vaiying intervals of time, the abdomen was aseptically leopened and the 
gallbladder closed Vaiious intereals of time ^^ere set foi the closing of 
the gallbladder, all of which must be within twent) -foui houi s At tlie 
time the gallbladder was closed, the peritoneal caMt} was thoioughh 
washed out with sodium chloride solution and a quantity of the solution 
was left in the peiitoneal cavity The dogs in which the second opeiation 
was done at eighteen houis all died, one lived at sixteen houis, all Incd 
at twelve houis oi less Apparentl)'’, then, the maximum time at which 
the operation can be done following rupture of the gallbladder is sixteen 
hours, the preferable time is twelve houis or less This, of couise, 


Table 2 — Typical Results of Opeiativc Ticatment of Bile Pcntomiis'^ 


Dog 

Operation 

Treatment 

Result 

S2 

Laparotomy gallbladder was 
opened and left open, abdo 
men closed as m usual oper 
ation, aseptic technic 

8 hours later the abdomen was reopened 
and the lumen in gallbladder closed, peri- 
toneal cavity thoroughlj washed out with 
1,000 cc of sodium chloride, 0 8%, and 200 
cc left in abdomen and the abdomen 
closed, aseptic technic 

Lived 

83 

Same 

12 hours later, the same procedure vas 
folloned as in dog 82 

Lived 

85 

Same 

IS hours later, the same procedure v\as 
folloned as in dog 82 

Died 


* Dogs that had a luptured gallbladder anth bile pouring out into the peritoneal caalta 
lived if they avere operated on early, that is, aaithin sixteen hours folloaaing the rupture, and 
the peritoneal cavity avashed out aaith salt solution 


presupposes the supposition that enough bile has entered the peiitoneal 
cavity so that death will occur in twenty-four hours In addition to the 
closing of the gallbladder and the washing of the peritoneal cavity, an 
intravenous injection of sodium chloride solution causes the animal to 
return to normal condition more rapidly, raising the blood pressure and 
increasing the activity of the kidneys Water by mouth could not be 
used in these animals because of the persistent vomiting, iieithei can 
fluid be used by rectum because of the frequent diarrhea The dogs 
always drink excessively when water is before them, but almost imme- 
diately vomit the entire contents of the stomach, so that little can be 
gamed by attempting the intestinal route Intraienous injection is pre- 
ferable to hypodermocl>sis (table 2) 

CLINICAL APPLICATION 

From a review of the literature in which the diagnosis of bile peri- 
tonitis has been made at autopsy or at operation, it seems that rupture of 
the gallbladder oi biliaiy ducts is extremely serious— a mortalit} rate of 
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50 per cent or more The cause of the high mortality would appear to 
be due in large part to the failure to make an early diagnosis and to 
lecognize the seriousness of the condition Such patients are usually 
seen by the family physician and the industrial surgeon A delay of a 
few hours will cost the life of the patient 

The outstanding symptoms in experimental bile peritonitis are 
sudden spasticity of the abdominal muscles, nausea and vomiting, con- 
tinuous pain, generalized in the abdomen , restlessness , early defecation, 
then diarrhea with bloody stools, and bilirubin in the urine Later, the 
heart becomes slow and irregular, blood pressure falls, the respiration 
IS slow 01 of the Cheyne-Stokes type, albumin and blood are found in 
the urine and coma occurs When these late symptoms appear, the 
animal is in a precarious condition 

Chemical treatment, such as calcium chloride given intravenously and 
intrapentoneally, was of little if any value Epinephrine and ephedrine 
sustained the heart temporarily, but this effect was transient Salt solu- 
tion given intravenously and subcutaneously did prolong life Experi- 
mental!}’, it was found necessary to operate within the first sixteen 
hours, as the dogs did not live when operated on later than that Prac- 
tically all the dogs were saved when operation was performed prior to 
twelve hours after the rupture The use of oils, calcium salts and 
cholesterol and lecithin in the peritoneal cavity was without value, and 
in some instances hastened the poisonous action of bile 

The treatment found to be the best was closing the opening in the 
gallbladder or bile passages , thorough lavage of the peritoneal cavity with 
warm physiologic sodium chloride solution, and then leaving a few 
hundred cubic centimeters of the salt solution in the abdomen followed 
b}’^ complete closure With this, intravenous injection of salt solution 
was of value 

It IS extremely impoitant that a coirect diagnosis be made within the 
first few hours following spontaneous or traumatic rupture of the biliary 
s}stem, and that proper suigical treatment be instituted 

CONCLUSIONS 

Bile from the gallbladder in the peritoneal cavity of dogs in amounts 
of 5 cc or more per kilogram of body weight causes peritonitis and 
death within twenty-four hours 

Bacteiia are not essential and do not modify the course of bile 
peritonitis when bile is present in a sufficient quantity to cause death 
within twenty-foui hours 

From this series of experiments, it seems that bile peritonitis is a 
clinical entity 
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Calcium chloiide and calcium lactate neither inhibit nor diminish the 
toxic action of bile 

Olive oil accelerates the toxic action of bile 
Cholesterol and lecithin slightly inhibit the toxicity of bile 

Epinephrine and ephedrine have favorable effects, but the effects 
are exceedingly transient 

Physiologic sodium chloride solution given inti aperitonealh , intra- 
venously or subcutaneously has the most favorable effect on the course 
of the disease 

Early diagnosis and immediate operation are imperatue 
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HYPERBILIRUBINEMIA IN PEPTIC ULCER 

MILLS STURTEVANT, MD 

AND 

ROBERT PULLEY WALLACE, ^1 D 

New YORK 

Clinical jaundice is sometimes an accompaniment of duodenal ulcer 
when no other leason than the ulcer is appaient foi its existence Thus, 
it has been described as a symptom of duodenal ulcer by Reed,^ Ewald,“ 
Kemp/ Schmidt and otheis Usually it is desciibed as a raie symptom 
but Collin ® found jaundice in nine of sixty-two cases of duodenal tilcei 

With the development of moie exact methods of estimation of bili- 
lubin in the blood, the question of possible jaundice in duodenal ulcei 
has become mteiesting Foi, if clinical jaundice is piesent either as a 
laie symptom of ulcer oi occuis in some senes oftenei than once in ten 
cases and, since the location of duodenal ulcer is faiily constant, it would 
seem possible that a ceitam piopoition, possibly a laige gioup, of 
patients with duodenal ulcei would show latent jaundice If this is tiue, 
the interpietation of hypeibihiubinemia might be confusing unless duo- 
denal ulcei had been caiefully excluded It has even been suggested'^ 
that duodenal and gastric ulcei s might be dififeientiated by means of 
calculation of the icteius index 

Diffeient and confusing lepoits of the biliiubm content of blood in 
patients with duodenal ulcer have been made Bernheim found the 
ictei us index abo\ e noi mal in sixteen patients with duodenal ulcei , while 
twelve patients with gastiic ulcei showed noimal figuies In a senes of 
thiity pel sons with ulcei s, Scheick ® found thii teen with distinct elevation 
of bihiubin, he used van den Beigh’s method, measuimg in biluubin 

* Submitted for publication, Aug 27, 1928 
From the Third Medical Division of Bellevue Hospital 
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units and taking 1 as a high normal limit He found the blood bilii ubin 
above normal in seven patients with duodenal, in three with pyloric and 
in three with gastric ulcers The highest reading of the duodenal senes 
was 3 and the average of the abnormal readings, 1 84 — Of the six 
persons with pyloric ulcers, three showed a biliiubin content above 
normal, with an average of 1 28 for the three Of ten patients with 
gastric ulcers, the bilirubin in three was above 1, with an aveiage of 
1 25 — Speik, Liljedahl and Falk ® reported that hyperbilirubinemia was 
present in sixteen patients with duodenal and gastric ulcei They used 
the Fouchet test They stated that there was no evidence of disease of 
the gallbladder in these cases, but did not state what means weie used 
to exclude such possibilities This test was positive in one patient with 
bronchial asthma, two with angina pectoris, four with pulmonary tuber- 
culosis and others Haak thought that some persons with duodenal 
ulcers give high blood bilirubin calculations He saw five such cases 
On the other hand Friedman and Strauss found that foui patients with 
gastric and six with duodenal ulcers did not show hypeibihrubmemia 
They concluded that the presence of hyperbilirubinemia is of value in 
deciding between cholecystitis and gastric and duodenal ulcer or car- 
cinoma Arnoldi and Schechter estimated the bilirubin of the blood 
in persons with secretory disturbances of the stomach They found it 
low normal in those with hyperacidity and high noimal in those with 
lowered acidity and achlorhydria 

It has been suggested by Barrow, Armstiong and Olds’^® that adhe- 
sions about the duodenum block the ducts and cause the jaundice Other 
explanations have included swelling ® near the papilla of Vater with 
mechanical obstruction and a vagotonic state ® resulting from the ulcer, 
with reflex spasm of the ducts 

In the papers ah eady mentioned, when hyperbilirubinemia was found 
in patients with duodenal or gastric ulcer, mention was not made of 
the steps taken to exclude other abdominal disease Thinking that this 
might be a source of disagi cement, we have selected from cases occur- 
ring in the wards of the Third Medical Division of Bellevue Hospital 
and the Clinic of Gastro-Enterology of New York University ten 

9 Speik, F A , Liljedahl, E N, and Falk, M A Obser^atlons on the 
Fouchet Test in Latent Jaundice, J A M A 82 2092 (June 28) 1924 

10 Haak, A Verborgen Icterus Bij Het Ulcus Duodeni, Nederl Tijdschr v 
Geneesk 70 2845 (June 26) 1926 

11 Friedman, J C, and Straus, D C Bilirubin Determination in Cholecystitis 
without Jaundice, J A M A 82 1249 (April 19) 1924 

12 Arnoldi, W , and Schechter, M Deutsche med Wchnschr 52 270 
(Feb 12) 1926 

13 Barrow, J V , Armstrong, E L, and Olds, W H Bilirubin in Blood, 
A.m J M Sc 169 583 (April) 1925 
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patients with gastric and thirteen with duodenal ulcei . in w horn i oentgen- 
ray study, physical examination and history exclude disease of the gall- 
bladder and gall duct and periduodenal adhesions as fai as possible 
Blood serum was collected from these twent}’’-three patients and the 
direct van den Bergh and the quantitative mdiiect tests and determina- 
tions of the icterus index were made 

The technic for the icterus index was that of Meulengracht, as modi- 
fied by Gram and by Bernhard and Mane and as gn en b} Bei nheim • 
The method for the van den Bergh reaction as given b}- McNee was 
followed carefull}^ 

The results of this study are given in the accompan}'ing table 


Results of Study of Twenty-Tin ec Patients with Ulcei s 


Location of Ulcer 

Direct 

Indirect 

Units 

Color 

Index 

Stomach 

Xcgatnc 

01 


Stomach 

Negative 

05 

4 

Duodenum 

Negative 

00 

5 

Duodenum 

Negative 

05 

4 

Duodenum 

Negative 

00 

5 

Duodenum 

Negative 

04 

3 

Duodenum 

Negati\e 

09 

0 

Stomach , 

Negative 

04 

3 

Stomach 

Ncgatne 

0 4 

3 

Stomach 

Negative 

04 

3 

Duodenum 

Negative 

03 

3 

Pylorus 

Negatn e 

06 

4 

Duodenum 

Negative 

04 

3 

Duodenum 

Negative 

04 

3 

Pylorus 

Negative 

04 

3 

Duodenum 

Negative 

03 

2 

Stomach 

Negative 

0 75 

5 

Stomach 

Negative 

0 5 

4 

Duodenum 

Negative 

03 

2 

Duodenum 

Negative 

03 

2 

Duodenum 

Negative 

00 

4 

Duodenum 

Negative 

04 

6 

Stomach 

Negative 

05 

4 


SUMMARY AND CONCLUSIONS 

Conflicting leports as to the occurrence of latent and actual jaundice 
in persons with duodenal ulcei led us to in\estigate twent}-thiee cases 
of duodenal and gastric ulcer in which roentgen-ra} and othei examina- 
tion did not reveal, evidence of a pathologic condition of the gallbladder 
or gall duct oi adhesions in the upper part of the abdomen Determina- 
tions of bilirubin in the blood serum of these patients showed a normal 
amount in every instance This confirms the observations, in the smaller 
senes, of Friedman and Strauss These results would tend to support 
the suggestion that jaundice when present in persons with duodenal 
ulcei IS either caused by periduodenal adhesions, catarrhal inflammation 
of the duodenum or a complication in the biliary s}stem 

14 McNee, J W Jaundice, Renew of Recent Work, Quart J Med 16- 
390 (July) 1923 
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SPIROGRAMS AND THEIR SIGNIFICANCL^ 

JOHANNES M NIELSEN, MD 

AND 

PAUL ROTH, MD 

BATTLE CREEK, MICH 

Since 1923, all detei minations of the basal metabolic rate conducted 
in the Battle Creek Sanitarium Clinic have been made by the graphic 
method These graphs form the subject of oui piesent study We 
have chosen to call them spirograms to differentiate them from the 
numerous other types of graphs used in medicine 

While a casual observation of these tracings gives the impiession 
that every conceivable irregulaiity may be obtained, a closer inspection 
leveals that there is a certain order in the apparent chaos One of us 
(P R ) fiist noted that the spiiograms could be divided into about ten 
types, each with definite characteristics ^or the past four years all 
spirograms have thus been read and classified on a purely graphic basis 
b) one technician We take pains to state that the leader of the 
spirogiams had not the slightest idea whether they had any clinical 
significance, but was interested only in accurate obseivation of the trac- 
ings Piejudice or bias based on unconscious clinical observation, there- 
foie, cannot play a role in the classification 

A\Len about 20,000 tests had been made, we undertook to determine 
what the significance of these spirograms might be Unexpected and 
A aluable data bar e been discovered The diagrams with original instruc- 
tions as gnen to the technician are leproduced in figure 1 

A 1101 mal pneumogram has been described repeatedly and is recog- 
nized in standard physiolog} A spirogram obtained by the usual 
graphic metabolism apparatus is piactically identical with this The 
pen ascends with each inspiration The depth of mspiiation varies con- 
siderably more than the depth of expiration, because expiiation is a 
passne act A line drawn, or imagined drawn, to connect the inspira- 
tion apexes is called the inspiratory line This is the upper margin of 
the tracing A similar lower margin gives the expiiatory line (The 
geometrical line drawn close to the lower margin is entered by a 
technician foi purposes of calculating the basal metabolic rate and has 

’’ Submitted for publication, Aug 16, 1928 

=*'rrom the Research Department of the Battle Creek Sanitarium Clinic 
*Read before the Section on Pathology and Plnsiologj at the Seventy-Ninth 
Annual Session of the American iledical Association, Minneapolis, June IS, 1928 
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nothing to do with typing the tiacing ) A normal tiacing lias a legular 
and even expiratoiy line and a slightly iricgular inspiratoi}’- line Theie 
IS a slight pause at the end of each expiration 

Type A is almost identical with a normal lespnation It is 
charactei ized by a fairly legulai inspnator} (upper) line and a icguIar 
expiratoiy (lowei) line In addition, there is a slight pause at the end 
of each expiiation Theie aie two subtypes (A and An), the second 
showing moie iriegulant}’- than the first 



Fig 1 — Diagrammatic illustration of the nine respirator} t}pes here presented 
In type // the tracing is not long enough to show the wavmcss referred to in the 
■description See figure 3 

Type B is deteiinined b} an iiiegular iiregulaiit} of the inspirator} 
and expnatory lines, especially the foimei , otheivise it is like the 
11 regular type A (A„) 

Type C IS an mveited Ape The inspiratoiy line is piacticalh 
straight, while the expnatory line is somewhat iriegulai The slight 
pause m each lespiration occuis at the end of inspnation instead of at 
expiiation 
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T}pe D shows a periodic and fairly legular wavy contour in both 
inspiratory and expiratory lines — a ribbon-hke formation The regu- 
larity distinguishes it from type B 

Type E presents a normal general contour, but in the individual 
respirations there is no pause either at inspiration or at expiration. 

Type F is characteiized by a normal general contour, but there is a 
definite pause at inspiration In this sense it is a reversal of the 
normal 

Type G has the normal inspiratory line interrupted by frequent and 
extremely deep inspirations The intermediate portions of the tracing 
are normal 

Type H shows a definite regular waviness m the inspiratory line. 
In addition, there is a pronounced pause at each expiration 

Type I is the well known Cheyne-Stokes type There is a periodicity 
in the entire contour, a tendency to crescendo and diminuendo m the 
individual respirations and a pause at expiration considerably greater 
than that encountered in type H 

It IS not feasible in this brief paper to give the data or all of the 
reasoning that led up to our conclusions This will have to appear in 
detail elsewhere We shall merely state briefly the general method of 
procedure 

Two approaches were used in order to avoid the errors likely to 
creep into a statistical study The first was the approach from types to 
clinical observations, the second from clinical observations to types In 
other words we selected first all the cases of one type and determined 
their characteristics , then we selected all cases of one characteristic and 
determined in which types they occurred The cases were divided into 
constant and inconstant, according to whether the same type of respira- 
tion was manifested in every test or whether different types occurred 
in the various tests 

CHARACTERISTICS OF THE TYPES STUDIED 

To determine the characteristics of the types, only the constant cases 
were used These were studied from the standpoints of age, race, 
sex, state of nutrition, basal metabolic late, pulse rate, respiration rate; 
results of urinalyses, acidity, sugar, albumin, acetone, casts and blood 
cells, obsen^ations on the blood cell count, hemoglobin content by the 
Dare method, Wassermann test, nonprotein nitrogen, uric acid and sugar 
content, alveolar carbon dioxide tension and acetone, ventilation of 
the lung in liters per minute, and all diagnoses The incidence of every 
item was first determined on the normal senes, and this was used as a 
control Unless a condition occurred in any type to such a degree that 



NIELSEN-ROTH—CLINICAL SPIROGRAPIIY 

li difteied fioni the normal b} one-thiid, it was not admitted an 
established abnoi mahty 

A study of the inconstant cases evas productne Tlieie wcie two 
types of inconstancy, one in Avhicli a tiacing partook simultaneou*^!} 
of the chaiacteristics of two typical spirogiams and cases which fell 
m one type in one test and m othei types subsequently This g<nc us a 
good insight into the type interrelationships We found that there was 
a definite association between certain types and appaienth an impos- 
sibility of association betw^een othei s Onl} tw’^elve of thirt}-six 
theoretical possibilities actually occuried (fig 2) The most sti iking 
feature of figure 2 is the fact that it shows that a patient wnth a noimal 



Fig 2 — Diagram to shoAV type interrelationships The central situation of tjpe 
A and its connections with all types except I can be noted T>pes E and I each 
have only one relationship 

lespiration cannot possibly develop a Cheyne-Stokes t}pe (I) unless 
he fiist develops type H 

The clinical chaiacteiistics of the vaiious t)pes as deteimmed b) this 
woik are as follow^s 

Type A is the normal and serves as the contiol It ma} be the pre- 
cuisoi of othei s wdien sufficient cause aiises to alter the t}pe It is 
1 elated to all other types except I There is hardly a disease process 
incompatible wnth a normal type of lespiiation, but other factors eg. 
puberty or chemical changes of the blood, may incui to bring about 
a change 
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l^pe B may arise b} a d3'namic process in the enclociine system 
Its most common associations are with types A and H Conditions 
\\hich occin in this type considerabty oftener than in the normal type 
aie hypotension, neurotic and ps3chotic states, mucous colitis and 
endocrine disturbances Type C occurs piactically exclusively in 
women, and hence we believe that it is controlled b3f some unusual 
function of the female hormone We are not in a position to 
make any othei statement concerning it, because of the paucity of 
our material 

Type D is largely, though not exclusively, masculine (about 88 pei 
cent) It occuis m 3'oung bo3fs as early as they can be tested (before 
pubeit3 ) In this type there is a peculiar mixtuie, a tendency to endo- 
crine distui bailees yvith both hyperth3aoidism and hypothyroidism, and 
also a tendency to cai diovascular-renal disease This is manifested by 



Fig 3 — Spirogram illustrating the yvavy appearance of the inspiratory line and 
the exaggerated pause at the end of expiration, yvhich are the characteristics of 
type H 

the letention in the blood of nonprotein nitrogen, uric acid and sugar 
Osteo-ai till itis and obesit3^ also are prey^alent in this type, yydiile neurotic 
and ps3chotic manifestations and constipation are rate The associa- 
tions aic yyith types A and H 

Type E though graphicall3' appearing entiiely difterent from the 
foimer is neyeitheless someyvhat similar chnicall3 It lesembles t3^pe 
D 111 letention of nonpiotein nitrogen, unc acid and sugar in the blood 
and m the occuiience of osteo-ai thritis But it differs from D in 
preyalcnce of colitis and neurotic states and in the absence of endocrine 
distui bailees Its associations are yvith t3'pes A and C 

T3 jie E IS one of the rare types and has only one association yvith the 
noimal Theie is a loyv nonprotein nitrogen content in the blood, and 
obesity is pieyalent 
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lype G IS an impoitant type, occuiiing piactically exclusive!} in the 
female It develops in certain giils at puberty Once established it 
does not disappear at menopause Hypertension, myocaiditis, obesity 
and osteo-aithritis pievail Endociine distuibances aie common 
Type H, the suggestive Cheyne-Stokes type, occuis in childhood but 
also develops from type A with which it is closely i elated It is the 
inevitable piecuisor of type / A high uric acid content of the blood 
and myocarditis occur m this type Its associations with types A, B, D, 
G and / aie numerous 

Type I IS the typical Cheyne-Stokes type and develops from type 
H undei certain conditions, among which is a high uiic acid content in 
the blood This type is seldom seen m a woman It laiely occuis befoie 
the age of 50 While the patients m the majoiity of the cases m this 
type have caidiovascular lenal disease oi diabetes, there aie some who 
develop it without suffeimg with either of the diseases mentioned, 
howevei, they all have an mciease m uiic acid 

At this point the question of necessity aiises whethei the lespiiatoiy 
types on the whole aie caused by these abnoimal physical states As 
piactically all disease processes occur in the presence of a noimal type, 
seiious doubt is cast on this point It occuried to us that this question 
might be solved by studying respnatory types m childien, making use 
of oui patients as early m life as they could be tested This line of 
lesearch proved extiemely valuable because it was found that types 
A, B, D, E, F and H may all occur iii childhood In fact we aie foiced 
to conclude that the types named are probably evidence of heieditaiy 
chaiacteristics — perhaps an heieditaiy condition of the lespiratoiy cen- 
tei If this IS the case, the preponderance of ceitain diseases m the 
types must be meiely an associated condition 

To either confiim or deny the concept that the types aie laigely 
hereditary, a special study of this point was made Thiee families were 
obtained in which the paients and at least four childien could be tested 
In each of two families five children weie obtained, m the thud, there 
weie only four A definite mheiitance was shown 

CONCLUSIONS 

1 All pel sons can be divided puiely on the basis of then spiio- 
grams into about nine types which we have lettered (A few extremely 
lare types aie still to be studied ) 

2 Respiiatoiy types A, B, D, E, F and W aie heieditai}, and 
the occuiience of these types merely piesages ceitam piedispositions 
111 the person 

3 Types C and G are controlled by some unusual function or 
influence of the female hormones 
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4 Types D and I are similarly but to a more limited extent con- 
trolled by the male hormones 

5 Certain indn idual characteiistics and disease piocesses aie shown 
by this ^^ork to be of an hereditai}^ nature Namely, (1) cardiovasculai 
renal disease, (2) nonulcerative colitis, (3) inci eased blood sugar, uric 
acid and nonpiotem nitrogen content, (4) endocime instability in gen- 
eial and specifically hyperthyi oidism and hjpothyioidism, (5) hypoten- 
sion, (6) m}ocarditis, (7) nervous and mental states, (8) obesity and 
(9) osteo-arthntis 

6 As the hereditaiy piedispositions to certain diseases can be 
determined in early childhood, the application of this woik to preven- 
tn e medicine is obvious 
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It IS oul purpose in this paper to piesent data indicating that the 
piesence of serum pioteins in the uiine in nephritis is due to their com- 
bination with other nitrogenous fractions of tissue origin, some of 
which are highly toxic It is our belief that this combination acts as a 
detoxicating mechanism and that the elimination of this protein by the 
kidneys is due to alteration of noimal seium proteins by their combina- 
tion with other split protein products which lender them foreign to the 
cii culation 

It has been apparent for some time that the renal element in nephritis 
IS relatively unimportant and that theories of nephritis based solely on 
1 enal damage must be abandoned The Aldi ich and McClure ^ intra- 
dermal salt test as well as the senes of experimental dehydrations 
leported by one of us ^ gives ample evidence that Mai tin Fischer was 
right in ascribing edema to a gi eater colloid affinity of the tissues foi 
water, and that anuria may result from this factor alone Experimental 
1 enal damage and partial or total nephrectomy do not pi oduce the clinical 
picture of uremia, and clinically such cases are fiequently reported with 
nonnal nonprotein nitrogen values in the blood Similaily enormous 
high nitrogen levels have been found m the blood without uremic 
symptoms 

In a previous communication ^ this theoi y was elaborated, and the 
complete picture of uremia was repioduced by simply distuibing the 
mineral salt balance Profound changes in the calcium-potassium ratio 
were repoited, and it was suggested that under uremic conditions the 

’■ Submitted for publication, Aug 18, 1928 
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tissue permeability was increased to such an extent that pioducts which 
were normally intracellular leaked into the blood Latei , tissue proteins 
were isolated from the urine in the early stages of both experimental 
and human nephritides, these pioteins being recognized by precipitin 
reactions ^ It is well known that most foreign proteins such as egg 
albumin or foreign serums injected parenterally will be excreted by the 
kidneys Further work ^ confirmed our views that if tissue piotein 
(liver) makes its way into the blood stream it will also pass thiough 
the kidneys just as a foreign piotem will A liver extract (containing, 
of course, both serum and hvei proteins) injected intravenously into a 
noimal animal will result m the passage of protein in the urine which 
is in a high degree specific to antilivei serums and does not react, even 
undiluted, with antiblood serums 

Pharmacologic studies of pure Iner protein prepared by this means 
have shown that it is practically nontoxic and, therefore, is not the 
cause of clinical symptoms in nephiitis Former work has demonstrated 
unquestionably that the lowei nitrogenous products are not the exciting 
cause of uremic symptoms, and it was predicted that substances of the 
proteose-peptone group would be identified as the offending agents 

This concept of nephritis, however, has signally failed to explain the 
mechanism of albuminuria The proteins of the urine in nephritis are 
largely blood seium proteins, and the great stumbling block to the 
abandonment of older ideas of renal pathologic changes being funda- 
mental was the question, why do apparently normal blood proteins pass 
through the kidney^ 

EXPERIMENTS 

Studies of urinary proteins by precipitin reactions have at times 
jielded hitherto inexplicable results In the usual process of puiifying 
urinar} proteins, the)- were saturated with ammonium sulphate up to 
the point where precipitation began (somewhere between 25 and 50 per 
cent saturation) The material is then set aside for crystallization The 
first Cl op of crystals reacted in high dilution with antiblood serums 
The second crop gave a much lower precipitin titer, and later crops 
failed almost entiiely to react with antiblood serums However, if the 
last crop which was not active with antiblood serums was injected into 
the rabbits, it produced an antiblood albumin blood serum of great 
strength These experiments were tentatively intei preted as indicating 
that some substances had been in combination with the albumin which 
was broken off in the process of crystallization 

4 Andrews, Edmund, and Thomas, W A The Origin of Urinary Proteins, 
J A M A 90 539 (Feb 18) 1928 

5 IMacDonald, R F Thomas, W A , and Andrews, Edmund Proc Soc 
Exper Biol & Med 25 246 1928 
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The next step was the lecognition by methods of dialysis recently 
published that theie was a change in the character of the serum protein 
in nephritis Small amounts of seium were placed in tubes, the end of 
which was closed with collodion membiane and placed in hundiedth 
1101 mal hydiochloiic acid Nephritic seiums took on laige amounts of 
watei, the normal seiums practically none at all Careful chemical 
studies of these seiums have i tiled out chloiides, nitiogenous pioduction 
of the urea gioup, acidosis and other factors, except the proteins them- 
selves, as being the cause of this phenomenon Although the nephiitic 
serums contained much less piotem than noimal seiums, their hydro- 
philic piopeities weie fai greater 

The last two gioups of experiments suggested that there was some 
change in the proteins in the blood and the urine, and that the uiinaiy 
pioteins weie not simpl}^ unchanged blood pioteins With these points 
111 view, we studied the mother liquor in the crystallization expei iinents 
alieady described and found that it contained laige amounts of peptone 
As much as 4 Gm of peptone was recovered from a single batch of 
18 liteis of urine A laige numbei of fuither expei iments yielded 
similar results Again, if a solution of the piecipitate of 50 per cent 
saturation with amniomum sulphate is dialyzed, peptone may be recog- 
nized in the dialysate In the concentration of the dialysates, caie must 
be taken to stop shoit of diyness in order to avoid increasing the coloring 
matter which will obscure lesults in both the biuiet and the xanthoproteic 
tests 

This peptone was injected into dogs in varying amounts and was 
shown to be nontoxic Two grams injected daily failed to produce any 
symptoms In oidei to bring about even a tiansient albuminuria, a dose 
of 5 Gm intravenously was needed Six giams was the lethal dose 
This fraction, then, did not lepreseiit the toxic element, and further 
studies of dialj'^sates weie made It was found that these dialysates 
contained a highly toxic protein This piotem is coagulable by heat It 
leacts strongly with antiblood albumin and antieuglobulm seiums It 
does not react with antifibrinogen serums However, its state of disper- 
sion has been so changed, possibly by combination with some toxic 
factor, that it will leadily pass through a collodion membiane Theie 
is another possibility to be considered, i e , that the protein itself is toxic 
simply by virtue of its greater dispeision Intravenous injection of 
SO mg of this piotem into dogs will produce deep coma and death in 
from twenty-four to foity-eight houis In the early stages of the coma, 
the dog will twitch violently if touched Latei, the coma is so deep that 
he cannot be aroused by any means 

6 Thomas, W A, and Andrews, Edmund A New Qinical Test for Tissue 
Thirst, Proc Soc Exper Biol & Med 25 773 (June) 1928 
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Similai results may be obtained with uremic serums The dialysate 
of such serums contains a small amount of protein of the peptone 
pioteose group, m our experiments, about 100 cc of uremic serum has 
been necessary to provide enough piotems to give recognizable reactions 
in the concentrated dialysate The dialysis is carried on for only twelve 
hours, as in longer peiiods theie is a possibility of hydrolysis of the 
serum protein Control experiments on normal serums fail to show 
this phenomena The amount of dialyzable protein recovered from 
human serums has thus far been too small to identify 

Urinary proteins of the dog have been studied, it was found that 
after crystallization and prolonged dialysis, those proteins did not pro- 
duce toxic symptoms when injected intravenously into dogs, but if the 
same uiinary proteins are subjected to dialysis for only a few hours to 
lid them of the more readily fusible urinary substances, they are toxic 
and will produce convulsions, coma and albuminuiia, if injected intia- 
venously 

COMMENT 

From the foiegomg data, the following hypothesis is offered as a 
tentative suggestion of the mechanism in uiemia and nephritis 

Changes m the osmotic equilibrium are brought about These are 
associated with alterations m the mineral salt balance which pioduce a 
maikedly increased tissue peimeabihty This allows leakage into the 
blood stream, first, of normal tissue proteins, which are ordinarily 
retained within cell membranes As these proteins are foreign to the 
circulation, they aie excreted by the kidneys Later, there follows a 
leakage into the circulation of other split protein products, certain of 
which are highly toxic and produce the symptoms of uremia These 
substances ai e combined with the proteins of the blood or absorbed by 
them This protein complex seems to have a smallei molecular aggre- 
gate or to be m a higher state of dispersion so that not only will it pass 
through the kidneys but pait of it will even pass through a collodion mem- 
brane The peptone itself is at least not free because if the serum 
protein is precipitated by heat or by saturation by ammonium sulphate, 
the peptone is precipitated with it, in crystallization or to a small extent 
b)'^ dialysis , it is freed from the larger albumin molecule and may then 
be identified , the protein bearing the toxic substances or which is toxic 
by reason of its higher state of dispersion passes readily through a 
collodion membrane, and if dialysis is continued for four or five days, 
the water being changed daily, subsequent dialysis yields a dialysate 
that reacts negatively to the biuret test 

Albuminuria may then be looked on as a protective mechanism on 
the part of the body to carry poisons from the seat of origin to the out- 
side by the well known mechanism of neutralization by combination with 
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innocuous substances These substances ma}- lepiesent noimal stages in 
nitrogen metabolism, and the pathologic factor lies in then making their 
way into the blood stream, as already suggested Another interesting 
possibility to be considered is that nephritis is compaiable to diabetes in 
the sense that piotein metabolism is interfered with by some means, so 
that oxidation is incomplete and the piocess stops at a state where the 
products of nitiogenous metabolism aie toxic and aie eliminated by the 
mechanism previously described 

CONCLUSION 

1 The urine of nephritic persons contains, besides the noimal blood 
piotems, a relatively nontoxic peptone combined oi adsorbed by serum 
pioteins and also a highly toxic blood protein so highly dispersed in 
solution as to pass readily thiough a collodion membrane 

2 The hypothesis is presented that albuminuria is a detoxicating 
mechanism for eliminating poisonous pioducts of protein metabolism 
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NtjRses, Patients and Pocketbooks A Report of the Study of the Economics 
of Nursing, Conducted by the Committee on the Grading of Nursing Schools 
By Ma\ At res Burgess, Directress Price, §2 1928 

This is a report on a nation-wide study of supply and demand m nursing 
service It is in a sense a preliminary report in a projected five years’ study of the 
nursing situation by a committee of twenty-one members, fourteen of whom are 
officiall}’’ appointed b}' the national organizations and seven elected as members-at- 
large This is a fact-finding committee organized for the purpose of grading train- 
ing schools 

The first part of the volume is devoted to information on the economics of 
nursing, the second part to an analysis of this information 

It was the original intent of the committee to first take up the grading of 
training schools, but it was later decided to study the supply and demand for nurses 
This study reveals a marked oversupply m the face of a rapidly increasing number 
of graduates They estimate that 17,500 graduated in 1926, compared with 3,456 
m 1900 The training schools during this period increased from 432 to 2,155 
During this time the number of nurses per hundred thousand of population has 
increased from 16 to 141, while the number of physicians has decreased from 
173 to 137 

Registers, especially from large cities, indicate that the supply is equal to the 
demand with prospects of an oversupply in the immediate future Public health 
organizations have more applicants than positions 

In addition to the topics mentioned, many other subjects are studied m detail, 
an effort being made to supply statistical data This book furnishes valuable 
information to all those interested m nursing When the work is completed and 
further volumes are published, a splendid reference work on the nursing problem 
will be available 

A Textbook or Actinotherapt By D D Rosenwarne, M R C S , (England), 
L R C P (London) Price, $4 Pp 237, with 20 illustrations, including a 
colored plate St Louis C V Mosby Company, 1928 

The first sixty-tvo pages are taken up with fundamental physical and electrical 
facts, such as are given in a course of high school physics The biologic action 
of light IS discussed on pages trom 73 to 103 Pages from 113 to 226 are devoted 
to clinical procedures, with a great deal of emphasis on autointoxication and 
colonic flushing On pages from 143 to 176 diseases of the skin are dealt with, 
largeb from the standpoint of light therapy 

The text is verbose, arrangement is often illogical and undue repetition is 
apparent It contains man} glaring errors, such as “Seborrhoeic Eczema — 
Affection of the sudoriferous glands,” and “Sycosis, Eczema of the Hair Follicles ” 
In the discussion of psoriasis, the author states “X-rays combined with ultra- 
violet radiations are probably the best treatment ” 

One gathers that cutaneous hyperpigmentation following actinotherapy is pro- 
duced by the short light waves acting on nerve plexuses and affecting the sympa- 
thetic nerves This evidentlj acts on the suprarenal glands, as later “The 
production of pigments by the adrenals under the influence of light” On the 
contrarv, it has been shown repeatedly that the oxidase of the pigment-producing 
cell IS increased There is no method for demonstrating the melanogen 

The author complicates the application of actinotherapy, probablj" more so 
than IS indicated b> the present da}-- knowledge 

The text contains some valuable material, but numerous errors tend to destroy 
one’s confidence, and reduce its value 

The illustrations are excellent, and a bibliography is appended 
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A Text-Book or iNPECTious Diseases By Goodale and Washboorx 

Revised and in large part re^vrmen by E W Goodaee, QBE, MD BS 
Third edition Pnce. §10 Pp 709. with 26 plates, 9 other photographs 15 
diagrams and 34 charts New York William Wood & Company, !Ss 

In bringing up^to-date his ‘‘Manual,” the author has expanded it into a good 
sized textbook He has added an introductory chapter on epidemiolog} which 
should prove interesting and stimulating to all students of infectious diseLes It 
fails, however, to cover the field as adequately as even such a brief and general 
discussion may reasonably be expected to do The more recent work of Webster 
on experimental epidemiologj may be cited as an example of a pertinent omission 

The clinical S 3 mptoms and signs of the various diseases are well described the 
methods of treatment are up-to-date But the presentation of the facts and 
theories concerning etiology leaves something to be desiied The problem of 
etiology'' is, in the case of several diseases, admittedly a vexatious one, and the 
author in his preface warns the reader that he is not a bacteriologist Neverthe- 
less, he cannot be uiiconditionallj' pardoned for his failure to mention, for instance, 
the studies of Dochez on scarlet fcvei, or those of the several workers who 
believe that measles is caused by a filterable virus 

The book is well printed and bound and contains numerous photographs, dia- 
grams and fe\er charts, all of which should be highly instructive to students and 
practitioners 


Special Cytology Edited by Edmund V Cowdry Tuo Volumes Pnce, §20 

Pp 1,300 New York Paul B Hoeber, Inc 

The two volumes comprising this work are made up of thirty-five sections 
by as many authors, covering the various special cells of the body Each of the 
sections is largely monographic in character, since the writers have all made exten- 
sive contributions to the subjects with which they are dealing The result is a 
work of the highest value which is unique in nature Here within the scope of 
1,300 pages is contained all the most important knowledge of the structure and 
function of the body cells The introductory chapter indicates the new directions 
which research in cell function will probably take and mentions some of the pos- 
sibilities of the more newdy developed methods of study m this field The different 
systems of cells, the skin and its derivatives, the respiratory tract, digestive tract, 
etc, are then taken up in an interesting and scholarly way In addition to the 
anatomy and functional activity of the individual or group of cells, the organiza- 
tion of the cells into specific tissues as well as the embryologic and comparative 
anatomic aspects are discussed In certain sections the general reactions of cells to 
disease agents and the changes occurring in pathologic states are touched on, but 
the subject matter does not include pathologic histology as might perhaps be 
inferred from the subtitle This not only is a textbook for students of biology and 
medicine but is also an invaluable reference work for those engaged in special 
problems of cell biology The book is beautifully' printed The illustrations 
are abundant and well executed, and each section is followed by an extensive 
bibliography 

Ci iNiCAL Studies on Infections or the Urinary Passages ix Ciiildrel 

(Danish) By Dr Arne Johannessen Pp 350 Copenhagen Levin & 

Munksgaard, 1926 

This IS also a thesis for the M D degree done in the Pediatrics Department 
of the University of Copenhagen, under the direction of Dr Bloch The second 
half of the monograph contains brief case records and histones ot more than 
100 patients investigated The monograph is interesting as an illustration ot 
the type of consecutive work and grasp of the literatuie m one e require 
for the M D degree in Denmark Otherwise the study cannot be said to advance 
particularly the problem under investigation The author concludes (on page 137) 
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that hematogenous origin of cjstitis is most preralent during the first 3 ear of 
life and that after the second 3 ear the entrance of bacteria through the external 
passages is assuming a more important role 

Systemic Ixfectioxs Their Dla.gnosis axd Treatment B 3 A Kxyvett 
Gordon, MB, B C , BA Cantab , Medical Superintendent of the Virol 
Pathological Research Laboratories, Consulting Pathologist to the Great 
Western Railw a 3 '’ iledical Fund Soc,et 3 and to the Victoria Hospital, S\\ indon 
Price, S4 New York William Wood & Compan 3 '’, 1928 

According to the preface this book is intended primaril 3 for those engaged in 
general practice But, in the opinion of the reiuewer, the book can be read with 
profit onl 3 b 3 ' the most poor^’- trained ph 3 sician or b 3 " one who has completely 
forgotten the techmc of thorough examination of patients and of the commonest 
laboratory procedures Chapters are de\oted to elementary bacteriology and 
hematolog 3 ', and a large portion of the book to the methods of searching for a 
focus of infection and of the treatment thereof 

PsYCHONEUROSEX FuNKTIOXELLE NeUROSEX ErSCHOPFUXGSZUST\XDE VON 
Dr. Waldem^r Uxger. Praktische Differentialdiagnostik Band II, Neu- 
rologic Tell 2 Price, 8 marks Mit 3 Abbildungen Dresden und Leipzig 
Verlag ^ on Theodor Steinkopff, 1927 

The book is of special adrantage to the general practitioner facing the problems 
of diagnosis and therapy of functional disturbances of the ps 3 che The author 
sur\e 3 S in a S 3 stematic manner the clinical pictures of exhaustions, constitutional 
disturbances, organic neuroses, h 3 steria, compulsion-neuroses, psychopathic per- 
sonalities, migraine, epileps 3 and combined pictures He then describes precisely 
diagnosis accordmg to the most important chmcal features The value of this 
stud 3 lies in general in the attempt of the author to do justice to the \-ariety of 
S 3 -ndromes, not forgetting the indindual in favor of a preconceived idea of a 
pS 3 chopathologic unit 

Klimske Studiex Over Urixyejsixfektioxer hos b0rx By Arne 
JOHAXXESSEX Pp 350 Copenhagen Levun & Munksgaard, 1926 

This manuscript is a thesis for a doctor’s degree There are 100 complete 
case histones oi p 3 elitis included, with excellent references, but no new ideas are 
advanced as to treatment The Norgaard p 3 ometer is used to determine the 
amount of pus in the urine, as this method is more accurate than the microscopic 
estimation 

Bidrag Til Studiet a.f Asthma Saerlig hos b0rx By Kaj Boagoe 
Pp 284 Copenhagen Levin & Munksgaard, 1926 

This is a thesis for a doctors degree It contains 232 instructive case histones 
with excellent references There are not, however, an 3 new ideas expressed on 
the subject 

Contribution to the Studv of Asthma Especially in Children (Danish) 
B 3 Dr Kaj Baagoe Pp 284 Copenhagen Levin & ilunksgaard, 1926 

This IS a clinical studv done under the direction of Dr Bloch, and the mono- 
graph IS presented as a thesis for the M D degree The w ork embraced a study 
of between 200 and 300 patients The literature is presented and discussed abl 3 
and criticalh, but there is nothing essentialh new in either the facts or the 
theorj presented 
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CAN THE GALLBLADDER EMPTY THROUGH DUODENAL 
BILIARY DRAINAGE? IS THE GALLBLADDER 
THE SOURCE OF “B” BILE? 

A CHOLECYSTOGRAPHIC STUDY OF BILIARY DRAIXAGE 
B B VINCENT LYON, AID 

PHILADELPHIA 

In the discussion that followed a program on the diagnosis of and 
treatment for disease of the bihar}’ tract at the annual meeting of the 
American Gastro-Enterological Association in May, 1927, Dr Louis 
Gregory Cole pointed out that there was a great difference of opinion 
as to the merits or demerits of drainage of the biliar}- tract by means 
of the duodenal tube and that it was still a matter of dispute as to 
whether it was possible to evacuate the liquid contents of the gallbladder 
by any manner of intraduodenal stimulation He thus subjected to 
recriticism the source of the so-called “B" bile He suggested the 
desirability of studying a series of patients by oral cholecystography and 
drainage of bile by the duodenal tube to see whether the shadow of the 
dye-filled gallbladder could be made to disappear or be reduced in 
size, this expenment was to be further controlled by a meal nch m 
fat, and Dr Cole offered his services for such a study with the purpose 
of settling this aspect of a controversial topic 

I pointed out to Dr Cole that studies of this kind had already been 
made in both this country and abroad, some of which had been pub- 
lished Nevertheless, arrangements were completed to investigate with 
Dr Cole a senes of patients m Philadelphia on Ma}* 9, 10 and 11, 1927 
Through the courtesy of Prof Willis F Manges, the facilities of his 
x-ray laborator)^ at the Jefferson Hospital were placed at Dr Cole’s 
disposal 

Further to control the chief point of the investigation as to whether 
the gallbladder could be made to empt}'- its dye rich bile by the duodenal 
tube and further to settle the question as to the source of the “B’’ bile, 
it was proposed to estimate quantitative^ the iodine content of the 
“B” and “C” biles, and to Dr G A Williams of the staff of Prof 
Winthrow Morse was assigned this task 

Submitted for publication. Sept 21, 1928 
'Read before the American Gastro-Enterological Association, Washington, 
D C, May, 1928 
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SELECTION or PATIENTS AND PROCEDURE 

For this study nineteen patients \\ere assembled, all of whom ^\ere 
suspected of haMng, or were known to ha^e, some form of disease of the 
bihar} tract with more or less imolvement of the gallbladder Six 
were women between the ages of 30 and 60 (average age, 49), and 
thirteen were men between the ages of 26 and 53 (average age, 40) 
Seven patients were studied on May 9, six on IMa}'^ 10 and six on 
May 11 

For the first daj’s studj, the seven patients vere given a dinner rich in fat 
at 6 30 on the previous night, and at 9 30 they commenced to take at fifteen 
minute intervals two keratinized capsules containing 0 4 Gm of sodium tetra- 
lodophenolphtlialein and one capsule containing 0 3 Gm of sodium bicarbonate until 
eight and four capsules, respectively, had been taken The eight capsules of the 
dye represented a total dosage of 3 5 Gm for an average person weighing from 
14S to 160 pounds (65 8 to 72 6 Kg ) At Dr Cole’s request, these capsules and 
directions for taking them were furnished b 5 ' Dr William H Stewart of New York 

For the patients studied on May 10 and 11, Dr Manges furnished eight capsules 
each containing 0 4 Gm of a brand of tetiothalem sodium-N NR or a total 
dosage of 3 5 Gm two of these capsules were taken at fifteen minute interv als 
commencing at 9 30 p m , three hours after a meal rich in fats All patients 
reported at the Jefferson Hospital Clinic at 8 o’clock the following morning with- 
out having had further food or drink since the previous night at 6 30 

Freshly sterilized duodenal tubes with individual syringes and glassware were 
used, and the drainages w'ere conducted bj*^ Misses Gledhill and LeVan, under 
the supervision of Drs Lyon and Sw'alm The duodenal tube w'as passed, the 
fasting residuum was removed, the stomach lavaged and the tube allow'ed to pass 
into the duodenum in the usual manner, and stimulations w'ere given wuth from 
30 to 75 cc of magnesium sulphate solution (33 per cent volumetric), from 50 to 
100 cc of a 10 per cent solution of peptone and 30 cc of olne oil In most 
cases only one of these stimulants w'as used, in other cases, all three w'ere given 
When the tube was considered to have reached the duodenum, the patient was 
sent to the x-raj department, and under the supervision of Dr Cole and Mr Kellv 
a first film was made, representing as nearl}'- as possible, a twelve hour exposure 
of the region of the gallbladder following the use of the dje^ The patients were 
then returned to the drainage room and biliarj’- drainage continued until the six- 
teenth hour period, when the second x-raj film was made, following this the 
duodenal tube was withdrawn and the patient sent out for a luncheon rich in fats, 
the third film w'as made, as nearly as possible, one hour later The luncheon con- 
sisted of two poached eggs, two slices of bacon, two slices of bread and butter and 
one glass of half milk and half cream 

On the second and third daj’s studv, the procedure was changed to this extent 
drainage was continued until an additional picture was made at the eighteenth 
hour period before the meal rich in fats and a fourth picture one hour later 
While still wet the films were given a preliminary reading bv Drs Cole and 
Lv on, and the follow mg da}" and subsequently vv ere giv en final readings indiv idually 


1 In several patients, from whom bile was freelv drained before the first film 
was made, it was found that after thev walked a distance of nearly 100 vards to 
the x-rav room the tube had been withdrawn from 2 to 5 inches (5 to 12 7 cm), 
and the x-rav showed the tip at the pvlorus or within the stomach To prevent 
this, the patients were subsequentlv taken to the x-rav room in a wheel chair 
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by Drs Cole and Manges The degree of density of the shadow of the d\e 
was graded upward from 1 to 4 In this report the readings of Dr Cole ha\e 
been used 

All “B” and “C” biles drained were sent under code numbers to the chemical 
department for estimation of iodine content The following method was used for 
determining the amount of iodine Three cubic centimeters of bile was placed in 
a nickel crucible with 1 cc of concentrated sodium hydroxide solution and 0 5 Gm 
of potassium nitrate, and the mixture evaporated to dryness on the electric hot 
plate The crucible was then heated over a small flame until the residue melted, 
and then the molten mass heated to redness for thirty seconds After cooling, 
the fused mass was dissolved in 20 cc of distilled water The solution was made 
distinctly acid to litmus by the addition of tenth-normal hydrochloric acid In 
most cases, 3 cc of acid sufficed Five cubic centimeters of chloroform was then 
added, and the whole shaken vigorously m order to extract the iodine The 
supernatant liquid was decanted from the chloroform and the colored chloroform 
solution of iodine titrated against five hundredth-normal sodium thiosulphate in 
the usual manner with starch as the indicator The iodine content was reported 

111 terms of milligrams of iodine per cubic centimeter of bile 

This study was designed to prove two points (1) that the gallbladder can 
empt}'- its liquid contents following mtraduodenal stimulation, and (2) that the 
gallbladder represents the source of the “B” bile 

Befoie the results aie lepoited, it is desirable that a short leview of 
certain pievious woik be placed in evidence Some of this is fuinished 
by surgical obseivation of the gallbladder, some by expeiimental work 
on various animals, and some by clinical investigations similai to the 
piesent study 

The geneial piinciples which we originally and subsequently 
advanced ^ in i egard to biliary drainage have been confirmed by a lai ge 

2 Lyon, B B Vincent Diagnosis and Treatment of Diseases of the Gall- 
bladder and Biliary Ducts, J A M A 73 980 (Sept) 1919, Some Aspects of the 
Diagnosis and Treatment of Cholecystitis and Cholelithiasis, M Clin N Amer 
3 1253 (March) 1920, The Treatment of Catarrhal Jaundice by a Rational, Direct 
and Effective Method, Am J M Sc 159 503 (April) 1920 , Need of Early Diag- 
nosis and Treatment of Biliary Tract, New York M J 112 23 (July 3) 1920, 

112 56 (July 10) 1920, Can the Gallbladder, Biliary Ducts and Liver be Medically 
Drained^ Am J M Sc 160 575 (Oct) 1920 Lyon, B B V , Bartle, M T , 
Ellison, R T, and Richardson, R Discussion of the Treatment of a Case of 
Chronic Arthritis, with Lambhasis, by Duodenal Biliary Drainage, M Clin N 
Amer 4 1153 (Jan) 1921 Lyon, B B V , Bartle, H J, and Ellison, R T 
Some Lessons Learned from Duodenobihary Drainage, Am J M Sc 162 60 
(Jan ) 1922 , 162 223 (Feb ) 1922 Lyon, B B V A Reply to Certain Antag- 
onistic Criticism of Nonsurgical Biliary Tract Drainage, New York kl J 115 269 
(March) 1922, 115 456 (April) 1922 A Brief Consideration of Nonsurgical Gall 
Tract Drainage as an Aid to the Surgeon, Penn State M J 25 392 (March) 

1922, Nonsurgical Drainage of the Biliary Tract, Philadelphia, Lea & Febiger, 

1923, The Value of Nonsurgical Drainage of the Biliary Tract as a Therapeutic 
Measure, Med C N Amer 8 803 (Nov) 1924, What Shall We Do with and 
for Our Cases of Gall Tract Disease^ Therap Gaz 40 766 and 854 (Nov and 
Dec) 1924, Lyon, B B V,andSwalm, W A Giardiasis Its Frequenej, Recog- 
nition, Treatment and Certain Clinical Factors, Am J M Sc 170 348 (Sept) 1925 
The Therapeutic A^alue of Nonsurgical Drainage of the Biliary Tract, J A AI A 
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m?jonr.- of obseners throughout the i^orM vho ha%e carefulh studied 
tne method ana ha-ve used it mtelligenth . Their corroborative clinical 
evidence or its usefulness is o^erv helming and is veil known to the 
students of this subject The critics of the method for the most part. 
ha\e fo'lov ed a modified technic of their ovn usualh' cutting short the 
•procedure in one v. ay or another. The}* ha\ e thus deprived themselves 
of much of the diagnostic evidence that is really available and have 
consequently made vanous erroneous interpretations f^Iost of these 
errors ha\ e been pointed out in a previous publication “ On the other 
hand some of the overly fulsome pmise published by veil meaning 
proponents has really been harmful to this useful procedure Further- 
more ve haie learned that duodenobihar}' drainage has been exploited 
b} ph} siaans poorly trained in the practice of general mediane and in 
speaal technic vho improperh select for such treatment patients vho 
maniiestl} require operation b\- the t\-pe of trained nurse vho ad\er- 
tises her proficiency in other technical procedures such as colomc 
'TT gations and by the out and out charlatan vho trades on the ps}chic 
effect of removing a small amount of bile or bile stained fluid from 
gulbye Out purse-fat people vhose interest is aroused by the pseudo- 
scientific patter of such menaces to human health It is deplorable that 
suer praaices exist It furmshes entirely proper ammunition for some 
opponents of this method of treatment a certain number of them over- 
balancea institutions vnth surgical axes to grind, but in turn it reflects 
aiscredit on them as veil as on a method the ments and limitations of 
V Uich are becoming more generally appreciated 

SURGIC.AL EVIDEXCE 

T^'e su-gical attempts in furnishing this proof have usualh been 
tauarcs Within our knov ledge only three surgeons ha\e gone on 
record as na-\ ing seen the gallbladder empt} in response to intraduodenal 
stinuianon Tne failure to observe contraction ^ermlform movement or 
collapse of the gallbladder more frequenth* has probabh* been due to the 
erects oi anesthesia operative injurj, or shock or handling of ^^scera 
.fi. reviev of t^e adverse reports hovever will show that almost without 
e.xcen the da-k colored Dile vas recovered through the duodenal tube 
-v ren V e operator manually emptied the gallbladder Some form of 

S5'Ir-l tXoi I-i 192; L. on, E B "X Tre Evoljfion of Earh to Late Gall 
T^ct Di^ta^c M T 3 f7 (Ma-cn^ 1926 Quclaues conSiOerations sur 

Ic o ir'-iC"' k cagrost c c‘’ Ic tra’ie-^ent — cc; aEectiOis du tractus biliaire Presse 
34 .561 <Oct.) i926 Tbc Xaiurc Diawo: s ard Treatment of Cholecystitis, 

J iL Hcc. 126 620 fXo 16) i927 660 (Dec 7 ) 1927, Duoaeral Tube and 
Its P'ac* ca^ \ a'Le Larcct 2*918 fOct 29l 1927 Ljon E B V, and Swalm, 
W 0')=^**T.clio'’ o' the C: sue DuCt of a Ca‘arrhal Vanetv T A .■L. 

90.S35 (Xaren 17 1 192? 

3 L* c" et a^ (, 0 ^ ''c*e 2 e’c-th ■^ekre'>ce) 
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Fig 1 (case 95134) — A, twehe hour film, showing shadow of gallbladder before 
■drainage B, sixteen hour film, three and a half hours after stimulation with 
33 3 per cent magnesium sulphate solution , 140 cc of browmish-black bile, rich 
jn iodine was recovered, associated with disappearance of the shadow 




Fig 2 (case 95136) — A, tw’elve hour film, showing shadow of gallbladder 
"before drainage B, sixteen hour film, three and a half hours after fractional 
stimulation wuth 33 3 per cent magnesium sulphate solution , 192 cc of dark brow n 
iile, rich in iodine, was recovered, with disappearance of the shadow 
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ob<;truction of the cystic duct could account for the exceptions It 
might be a matter of interest to have the obsen^ations of these thiee 
men put on record in this report 

In 1921, Prof Adolph Sachs ‘ of Nebraska reported the following 
cases, ubich haie been abbreviated somewhat but without alteration of 
their context 

(;; \si; 1 — i,lrs A H , referred bj' Dr G Simanek, on medical drainage three 
da^‘; prior to operation showed “A" bile a light golden yellow, “B” bile a dark 
static bile, “C” bile a light lemon jellow I was permitted to pass the duodenal 
tube m the aboie patient before she was anesthetized The gallbladder was exposed 
and found to be fair’.v w’ell distended, and before any exploration was made, 
SO cc of a 33 3 per cent solution of magnesium sulphate was introduced directly 
into the duodenum through the duodenal tube In three minutes, bile started to 
flow In fi\e minutes, w’e started to get a real, dark golden bile (topical “B” bile) 
and the distended gallbladder gradually collapsed I might compare this to the 
collapse of a balloon when the air is released (no contraction was observed) The 
gallbladder was then removed in the usual manner, and the bile m the collection 
bottle was apparentlj the same as that obtained from the removed gallbladder, 
onK m greater dilution I grant this was done under anesthesia and hence open 
to some objection, however, I offer it for what it is worth 

C\SE 2 — Mrs F was referred bv Dr Simanek for medical drainage and treat- 
ment On three successive medical drainages, only tw'o types of bile were obtained, 

and “C bile The case was referred back for operation as one not suitable 
for medical drainage A diagnosis of stones, with probable obstruction of the 
cvstic duct, was made The duodenal tube was introduced before operation, as 
in the foregoing case The usual gallbladder incision was made, the gallbladder 
exposed, and a small contracted gallbladder was seen Fifty cubic centimeters of a 
315 per cent solution of magnesium sulphate solution was introduced into the 
duodenum threugh the duodenal tube No static bile appeared in five minutes, 
and the gallbladder remained unchanged The gallbladder was then palpated and 
lonnd to contain stones It was removed and on opening it a stone was found, 
occluding the cvstic duct 

CvsE 3 — From the historv and examination of Mrs H, aged 35, a diagnosis 
ot cholelithiasis was made On several drainages, we found that at times “B” 
bile was present and at times not The duodenal tube was passed as in the fore 
going cases and a moderate sized gallbladder was exposed We stimulated with 
magnesium sulphate, and no change took place On light palpation, a stone m 
the cvstic duct was found This w'as easily pushed back, and “B” bile appeared, 
which was apparentlj the same as that found in the removed gallbladder There 
were several calculi present 

In 1923, Pribram “ of Austria reported as follows 

Lmhorn s duodenal tube was inserted before the operation, then a typical jellow- 
colored bile flowed out, and the abdomen was opened under ether narcosis After 
tile ohve was ascertained to be in its proper position, 20 cc of a 10 per cent Witte 

4 Sachs, \ Lvon-Meltzer Gall Bladder Drainage, Nebraska M J 6 225 
(Aug) 1921 

5 Pribram, E E Peptone Gallbladder Reflex, Khn Wchnschr 2 1590, 1923 
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peptone solution was introduced through the duodenal tube, and a dark, thick, 01I3 
bladder bile was recovered through the tube The gallbladder contracted dis- 
tinctly, and after several minutes a yellow liver bile again ran out 

In. 1924, Matsuo ® of Japan reported the two following cases 

Case 1 F S , aged 37, according to the diagnosis made previous to operation, 
had a tumor in the left liver lobe At operation, Oct 27, 1923, a gallstone 
was found in the liver As the disappointments resulting from operations per- 
formed by Lyon and others are explained by the fact that narcosis was induced, 
I wished to avoid this factor , not only was the patient not put under general 
narcosis, but also the pantopon-scopolamine solution was not injected The 
abdomen of the patient was opened according to Kocher’s technic under local 
anesthesia produced by procaine-epmephrine By means of the usual incision, the 
gallbladder, which was as large as a good sized egg, was exposed, it was so greatlj^ 
distended that the small blood vessels were scarcely visible 

Two hours before the operation, the duodenal tube was given to the patient, 
its proper location being determined by the roentgen rays 

The gallbladder was 7 5 cm in length, measured fiom the point at which the 
gallbladder was attached to the inferior surface of the liver, and 4 5 cm in breadth 
During the operation, the duodenal content mixed with the typical bright yellow 
bile was flowing out Then 40 cc of a 33 per cent magnesium sulphate solution 
was introduced into the duodenum through the tube Five minutes afterward, the 
typical brown bile, the so-called “B” bile, began to appear, the amount was 80 cc 
Finallj’-, after thirty-five minutes, the bright yellow bile ran out again 

At first the gallbladder was entirely filled, and it seemed so expanded that the 
blood vessels could not easily be seen However, as the magnesium sulphate 
was given, and the dark, thick bile gradually dribbled out, the blood vessels became 
quite visible, standing out thickly, the gallbladder was no longer expanded, and, 
gradually decreasing in size, it was reduced at last to 4 cm m length and 2 6 cm 
in breadth The so-called contraction was not observed, nor did the bladder 
collapse like a balloon from which the air was released, according to the description 
of Simanek Rather, the size of the gallbladder decreased in an instant, estimated 
merely by the eye, the organ became one- fourth its previous size 

Forty cubic centimeters of a 1 per cent azorubin S solution was then injected 
into the gallbladder, which almost resumed its original size This procedure was 
painful to the patient The organ, however, did not become nearly so large as 
before, being 5 5 cm in length and 4 5 cm in breadth During this procedure, 
the bile from the duodenal tube had no trace of any red color Forty cubic 
centimeters of a 33 per cent magnesium sulphate solution was then sent through 
the tube again, and this time it was observed that the gallbladder contracted very 
clearly and that almost all the dye solution was evacuated in a short time 

Judging from these results, I believe that, beyond any question, the 
bile flows out from the gallbladder into the duodenum by reason of 
the local application of magnesium sulphate 

Case 2— Z O , aged 25, was operated on Feb 14, 1924, for chronic appendicitis 
Under the same conditions as those stated in case 1, observations were made with 
the assistance of Dr Tsuji Before the operation the olive was ascertained by 


6 Matsuo, Iwao Magnesium Sulphate as a Cause of the Evacuation of the 
Gall Bladder, J A M A 83 1289 (Oct ) 1924 
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means of the roentgen raj to be m its proper position, but from the time that 
the gallbladder was exposed, the bile ceased to flow out, and the instillation of 
magnesium sulphate solution did not bring about the appearance of the bile Then 
It was found bj^ palpation that the olne was far from the proper position required, 
that IS, in the ascending part of the pars honzontalis inferior duodem When 
the olne was wuthdra'wn to the proper position, near the papilla of Vater, the 
gallbladder was filled with 35 cc of a 1 per cent azorubm S solution, and the 
bile that ran out was not stained red The instillation of 40 cc of a 33 per cent 
magnesium sulphate solution was made, and two minutes afterward bile, colored 
deep red bj’’ dje, began to flow out, in the first five minutes, 45 cc w'as recovered, 
and in the next fi\e minutes 42 cc The patient vomited a deep red bile At 
this time, the gallbladder became small, although nothing like contraction could 
be obsened to be taking place 

It IS evident that the manner in which the gallbladder is observed to 
empty varies somewhat, although both Pribram and Matsuo definitely 
described it as a contraction Yet, in these six cases, it appears that the 
gallbladder, unless too diseased or associated with obstruction of the 
c3Stic duct, will empty its liquid contents wholly or in part as a dark 
colored bile comparable to the “B” fraction 

EXPERIMENTAL EVIDENCE 

I shall now consider contributions from the experimental laboratory 
Im estigations into the function of the gallbladder and especially in 
regard to its method of emptjnng have long engaged the interest of 
ph} siologists Betw'een 1893 and 1923 the hypotheses, based on experi- 
ments conducted, w'ere greatly at variance, divergent results being 
obtained by various investigators, so that much confusion of ideas has 
existed Since the various theories have been recently restudied care- 
full} by Y^hitaker and b}'- Higgins and Mann, they will not be reviewed 
here in detail I shall place in evidence only the most authoritative 
opinions of the present day 

In 1923 and subsequently, Boyden ” was first able to demonstrate 
that a meal rich in fats (egg yolk and cream) “induces the following 
c}cle of changes in the gallbladder of the cat (1) a period of slow 
empt}ing (two hours), (2) a collapsed or resting period marked by 
rearrangement of the mucosa (five hours) and (3) a period of rapid 
filling and bile concentration ” Protein, such as egg w'hite, and carbo- 
h}drate failed to provoke a similar response 

In 1926 Higgins and Mann® confirmed Boyden’s results on certain 
fishes amphibia, birds and mammals, finding that the gallbladder 

/ Bojden E A Effect of Natural Foods on the Distention of the Gall 
Bladder with a Note on the Changing Pattern of the klucosa Under Distention 
and Collapse, abstr, Anat Rec 24 388, 1923, 30 333, 1925, Anat Rec 33 201, 
1926 

8 Higgins G , and klann, F C Observations on Emptjing ot the 
G'’ll Bbdder, Am J Phvsiol 78 339 (Oct) 1926 
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emptied in response to a meal rich m fats m from one and one-half to 
three hours ii i espective of whether the animal was carniverous or herbiv- 
eious in its normal habits They then investigated the mechanism by 
which such emptying occuired m careful experiments on the garpike, 
guinea-pigs and dogs, and they concluded that ( 1 ) the gallbladder emp- 
ties through the cystic duct , (2) the gallbladder empties by contraction of 
its own intrinsic musculature, (3) secretory pressure is of little signifi- 
cance m emptying the vesicle, (4) intra-abdominal pressure is not a 
major factor in emptying the vesicle, and (5) the sphinctei of the 
common duct is not a factor in emptying the vesicle, except that its 
relaxation permits the bile to pass to the duodenum under piessure 
incited by the contraction of the gallbladder 

In then studies on the exposed gallbladder after the meal iich m fats, 
these authors also found that there are localized areas of conti action, 
described as follows 

The spherical bladder very gradually becomes somewhat hexagonal or pentag- 
onal m outline, as its major axes reduce in dimension Very frequently we have 
noted such extensive localized contractions as to induce the formation of numerous 
knob-hke diverticula over the entire fundus of the vesicle x x x x Under the 
experimental conditions the vesicle never entirely emptied its bile, as it had been 
observed to do in the killed animal 

In 1926, Whitakei,® after filling the gallbladdei of dogs and cats with 
iodized oil and following its movement with the x-ray, came to the 
following conclusions 1 The gallbladder is shown to empty its con- 
tents into the duodenum during the digestion of fats 2 This emptying 
IS produced principally by the muscular tunic of the gallbladder, 
extrinsic mechanical factors not having an appreciable effect 3 Empty- 
ing probably does not depend on a reflex nervous mechanism involving 
extrinsic nerves since vagal stimulation has no effect, and denervated 
gallbladders empty normally 4 There is no direct evidence that the 
expulsive action of the gallbladder is due to a hormone, although it 
invariably depends on the digestion and absorption of proteins or fats, 
especially the latter 5 The action of the so-called sphincter papillae 
seems to be to allow the gallbladdei to fill during the intervals between 
periods of digestion, but the vesicle will not empty after the sphincter 
IS cut, feeding being necessary, as in normal animals, to effect this 
result 

It IS of interest that Boy den and Whitaker found “that simply 
putting the cat under ether anesthesia, opening the abdominal cavity and 

9 Whitaker, L R Mechanism of the Gall Bladder, Am J Physiol 78 411 
(Oct) 1926, Experiences with Cholecystography, J A M A 86 239 (Jan 23)' 
1926, Mechanism of the Gallbladder and Its Relation to Cholelithiasis, ibid^ 
88 1542 (May 14) 1927, Diagnosis of Gallbladder Disease, ibid 88 1791 (June 4)i 
1927 
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quickly closing it will delay the gallbladder emptying for several hours 
Deep ether anesthesia alone will prevent it Even slight illness, such as 
w ound infection may greatly inhibit emptying ” 

To the experienced observer of biliary drainage, deviation from the 
normal drainage response Avill often occur m sick patients who have 
diseased gallbladders, and not infrequently m sick or nervous patients 
with apparently normal gallbladders 

Hamrick’s conclusions from his experimental studies on the 
emptying of the gallbladder, which were reported in 1927, are closely in 
agreement with those of Whitaker and of Higgins and Mann 

The uniformity of agreement of these later investigators, when 
using similar methods of more modem development, should have con- 
siderable weight in explaining the divergent opinions of Doyon, Freese, 
Westphal, Bainbridge, Sweet, Halpert, Winkelstem, Diamond, Graham 
and other experimental workers with animals 

CHOLECYSTOGRAPHIC EVIDENCE 

I shall now examine the evidence from various cholecystographic 
studies combined with duodenal intubation and biliary drainage 

In 1924, Silverman and Menville were the first to demonstrate 
on human beings that the shadow of the dye-filled gallbladder could be 
substantially reduced in size and altered in shape following mtraduodenal 
stimulation with magnesium sulphate (The films of this study were 
exhibited at the meeting of the American Medical Association m 1924 
and published in 1925 ) The methods then used were less well estab- 
lished and the results less convincing than the films subsequently sent 
from various observers, notably Mariano Castex of Buenos Aires, 
Comstock of Saratoga, Lake of New York, Eberhard of Philadelphia 
and others These films show clearly the marked reduction m size and 
shape of the dye-filled gallbladder that occurs after mtraduodenal use 
of magnesium sulphate, which is promptly followed by the recovery 
of dark brown to black bile, usually within from ten to thirty minutes 

In 1926, Whitaker confirmed the work of Silverman and Menville, 
although he, too, was unable to secure evidence of complete emptying of 
the gallbladder by such a procedure and stated that “we have found 
that almost invariably the decrease in size of the gallbladder shadow is 
greater if the patient has taken food especially fat, than after the 

10 Hamrick, R C Emphmg of the Gall Bladder, Am J M Sc 174 168 
(Aug) 1927 

II Siherman, D N, and Memille, L J Observations of the Visualized 
Gall Bladder b 3 ' Graham Z^Iethod, ^\lth Reference to the Effect of Nonsurgical 
Bihar\ Drainage, JAMA 84 416 (Feb 7) 1925 

12 V hitaker (footnote 9, second reference) 
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intiadiiodenal injection of magnesium sulphate This raises the ques- 
tion as to the value of nonsurgical biliary drainage by such means ” 

The improved results obtained in the present study equally raise 
the question as to the technic of intraduodenal drainage of the gall- 
bladder which IS employed 

The most recent utilization of this method of determining the source 
of the “B” bile has been undertaken by Lake/^ who reported in 
Decembei, 1927, the results of a study of eighteen patients By means 
of magnesium sulphate either alone or followed by olive oil given intra- 
duodenally, he recovered a good “B” bile fraction and caused marked 
reduction m the size of the shadow in five of eight cases, slight reduction 
in two and total disappearance of the shadow in one In the latter 
instance, magnesium sulphate alone was used To make a fuither check 
on the souice of “B” bile. Lake had the various fractions of bile 
quantitatively tested for iodine (following the use of tetraiodophenol- 
phthalein), and m this group found the “B” fractions to contain 10 8 
times as much iodine as the “C” fractions and forty-eight times as much 
as the “A” fractions In four of five cases in which small or doubtful 
“B” fi actions were recovered only a slight reduction of shadow was 
obtained, and in one no reduction In this group the “B” bile contained 
less iodine and the “C” more than in group 1 In five patients who 
failed to deliver "B” bile, two did not show a gallbladder shadow, 
one showed a mottled shadow, one a semilunar shaped shadow and 
one an apparently normal shadow “In no case did the shadow decrease 
in size following the drainage The lodin content of these biles was 
about the same befoie and after the stimulation, only traces being found 
or none at all ” 

Lake summarized his study as follows 

1 The recovery through a duodenal tube of 1 ounce or more of brownish, 
dark greenish or black bile following the instillation of magnesium sulphate or 
olive oil IS accompanied by a considerable decrease m the size of the gallbladder 
shadow by the roentgen ray, or (in one case) its disappearance 

2 The dark bile so obtained contains an average of 43 times as much iodine 
as the bile that precedes it and 10 8 times as much as the bile that follows it, and 
may be the only fraction containing any iodine (fourteen hours after the oral 
administration of sodium tetraiodophenolphthalein) 

3 When no dark bile is recovered, even though large amounts of yellow bile 
appears, the gallbladder shadow is either absent or does not decrease m size 

4 When a smaller amount of dark bile or a larger amount of amber-colored 
bile IS secured, the gallbladder shadow decreased slightly in size or (in one case) 
not at all 

Conclusion The above results seem to indicate that samples of bile from the 
gallbladder can be recovered through the duodenal tube for microscopic and 
bactenologic examination 

13 Lake, M Observations on the Origin of the “B” Bile Obtained by Lyon’s 
Method of Biharj'- Drainage, Am J M Sc 174 786 (Dec ) 1927 
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It will be seen, therefore, that there already exists a large amount 
of evidence indicating that, with rare exceptions which can usually be 
accounted for, the gallbladder is the source of the dark colored bile 
(“B” fraction) recovered after mtraduodenal stimulation with mag- 
nesium sulphate, peptone or olive oil Oleic acid, as recommended by 
McClure and others, is also a good mtraduodenal stimulant for evacu- 
ation of the gallbladder 

Ivy and Oldburg^^ recently announced that the duodenal mucosa 
contains a secretm which can be isolated and when injected intravenously 
will provoke evacuation of the gallbladder In this connection it might 
be woith while to state that a French preparation of secretin prepared 
by Les Etabhssements BYLA for Professor Chiray of Pans for 
stimulating the flow of external pancreatic secretion was obtained by us 
on a recent visit to Pans Following the publication of Ivy and 
Oldburg, we tried out this French preparation using 3 eg intravenously 
before any other stimulants were given on patients undergoing biliary 
drainage Thus far, in eighteen tests on sixteen patients there has been 
recovered only a trace of “B” bile in four and none whatever in fourteen 
within from forty-five to sixty minutes after the injection of secretin, 
although good specimens of “B” bile were subsequently recovered within 
from two to thirty minutes after stimulation with magnesium sulphate 
m fifteen of the eighteen tests It may be that Ivy’s secretm con- 
tains a specific gallbladder “principle” which is absent m the French 
preparation 

Various men have sought to show that the source of the “B” bile is 
not necessarily the gallbladder The case reported by Dunn and 
Connell m 1921, suggesting a possible extra vesicle source for “B” 
bile, was for a time the most difficult one to interpret correctly 

In 1922, we ® pointed out that it might be possible to recover a dark 
colored bile from a cholecystectomized patient with a dilated extra 
hepatic or mtrahepatic duct system, or m hepatic cirrhosis associated 
with long continued biliary obstruction, and we suggested that this 
might be the explanation of the recovery of such static bile as was 
reported by Dunn and Connell m their patient who had had fifteen 
operations on the biliary tract 

It was not until 1926 that rather conclusive proof of this assumption 
was furnished by Counseller and Mclndoe,’^" who showed the dilatation 

14 I\j, A C, and Oldberg, E Contraction and Evacuation of the Gall 
Bladder b> a Purified “Secretin” Preparation, J A M A 90 445 (Feb 11) 1928 

15 This stud} vill be reported more fully elsewhere 

16 Dunn, A N, and Connell, K Report of a Case of Hepatoduodenostomy 
\Mth Some Obser\ations on the L}on-Meltzer Method of Biliary Drainage, J A 
M A 77 1093 (Oct 1) 1921 

17 Counseller, V S , and Meindoe, A N Dilatation of the Bile Ducts 
(H^drohcpatosls), Surg G}nec Obst 43 729 (Dec) 1926 
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of the biliary tree which takes place in chronic partial or complete 
obstruction of the extrahepatic duct system or m chronic calculous 
cholecystitis We believe that those experienced m biliary drainage will 
agree that patients so studied after cholecystectomy will usually fail to 
deliver a ‘‘B” fraction , and that in the occasional exceptions a review of 
the case will indicate the likelihood of dilated ducts with sacculi or intra- 
hepatic stasis Such patients usually are jaundiced, have chronic disease 
of the liver or have had several operations on the upper p&rt of the 
abdomen With this review of previous evidence bearing on the sub- 
ject, I shall report the results of the present studj 

REPORT OF PRESENT STUDY 

Four of nineteen cases were discarded from anatysis because of 
failure to intubate the duodenum for reasons which will be discussed 
later The remainder (fifteen cases) have been divided into two 
groups, the first of which requires little if any discussion In six 
patients (numbers 95096, 95105, 95134, 95136, 95137 and 95171) of 
group 1 (table 1) m whom after oral administration of the dye excellent 
gallbladder shadows appeared and in whom good “B” fractions rich in 
iodine were recovered, the shadow was made completely to disappear 
after biliary drainage, as shown in the accompanying illustrations Four 
of these patients had three fractional magnesium sulphate stimulations, 
one had one magnesium sulphate stimulation, which recovered 70 per 
cent of the “B” fraction, followed by olive oil, which recovered the 
remaining 30 per cent, and one had one peptone stimulation alone 

The duration of drainage averaged three hours and ten minutes, 
although in most cases all of the “B” bile was recovered within the 
first ninety minutes It is worthy of comment that in all of these six 
patients the position of the duodenal tube as shown by the x-rays was 
favorable for good drainage, all of them had had a good night’s sleep 
and none were nervous Clinically, none showed advanced pathologic 
changes in the gallbladder, although all had symptoms, some physical 
manifestations and bile suggestive of those of early cholecystitis The 
amount of “B” bile recovered ranged betv een 100 and 192 cc , averaging 
142 cc , the amount of “C” bile recovered ranged between 190 and 
750 cc, averaging 428 cc The amount of iodine in “B” biles 
ranged between 3 4 and 9 6 mg per cubic centimeter of bile The 
amount of iodine in “C” biles ranged between 0 42 and 3 2 mg per cubic 
centimeter of bile The “B” bile iodine, averaging 6 9 mg, was more 
than four times as strong as the “C” bile iodine, w'hich averaged 
1 6 mg In this group are also included two patients, one of w'hom 
(95133) had had a poor night wuth diarrhea (four stools) and slight 
nausea The tube was in poor position twelve hours after intubation 
but had reached a good position before the sixteen hour picture was 




^ B D indicates reduction in sire of sindou after biliary dr linage 
t SI indicates reduction in size of sliudow after meal rich in fats 
j SI-P 0 indie itcs SIgSOi peptone oil 
§ SI 0 indicates SIgSOi oil 
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taken The iodine concentration of 4 2 mg in “B” bile as compared to 

1 5 m “C” bile suggested poor filling of the gallbladder The dye 
shadow of giade 2 density disappeared after the diainage between the 
twelfth and eighteenth hour picture Cholecystectomy and appendec- 
tomy weie performed on this patient in Decembei, 1927, and the 
following pathologic conditions were noted chronic atrophic non- 
calculous cholecystitis and pei icholecystitis , fibrous tissue in the liver, 
which was moie distinct than usual, chronic adhesive appendicitis, a 
healed scai left by an ulcer on the duodenum, and mild colitis of the 
transverse colon 

In the second case (95138) a grade 4 shadow density was reduced 
to giade 1 after diainage m spite of the unsatisfactory position of the 
tube in a patient who was nervous after a poor night due to diarrhea 
Heie, too, the iodine content of 4 2 mg in “B” bile was suiprisingly low 
for a gallbladdei that had apparently filled and concentrated well 
However, it must be noted that even after a meal rich in fats the gall- 
bladder had not completely emptied 

In group 2 (table 2) are included seven patients, five of whom 
clinically showed a more advanced pathologic condition of the gall- 
bladder and two of whom had had obstructive jaundice two months 
previous to this study One of these (95100) failed to show a shadow 
of the gallbladder on the films made at the twelfth, sixteenth or 
eighteenth hour and likewise failed to deliver any “B” bile, although 
550 cc of “C” bile was obtained with an average iodine content of 

2 2 mg In addition this patient had nausea and pylorospasm with gross 
retention of food aftei twelve hours of fasting, and the duodenal tube 
was m a poor position From the other recently jaundiced patient 
170 cc of “B” bile diained (after combined stimulation) which con- 
tained 6 4 mg of iodine, the shadow of the gallbladder became dis- 
tinctly smallei , although the degree of density did not change even after 
a meal rich in fats The iodine of the “C” fraction, which amounted 
to only 200 cc of bile, was 1 4 mg Since Dr Manges noted that the 
shadow of the liver was more dense, possibly poor elimination of the 
dye may account foi poor density of the gallbladder One hundred 
cubic centimeters of “B” bile of low iodine content (3 5 mg ) drained 
from a third patient (95102) after stimulation with magnesium sulphate, 
but failed materially to reduce the size of the gallbladder oi its density 
of grade 1 until aftei the ingestion of a meal rich in fats , possibly the 
“B” bile with low iodine content represents thick “B” bile with poor 
iodine admixture A fourth patient (95175) gave practically the same 
lesult The next two patients are of interest The first (95172) 
showed a good gallbladder shadow, which was reduced somewhat in size 

18 In this patient the “C” bile was not tested 
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Fig 3 (case 95137) — A, twelve hour film, showing shadow of gallbladder 
before drainage B, sixteen hour film, three and a half hours after stimulation 
with 50 cc of 10 per cent peptone, 125 cc of blackish-brown bile was recovered 
The shadow disappeared 




A 


Fig 4 (case 95171) — A, twehe hour film, showing shadow of gallbladder 
before drainage B, eighteen hour film, about five and a half hours after frac- 
tional stimulation Mith 33 3 per cent magnesium sulphate solution, 175 cc of 
greenish-black bile, rich m iodine, iias reco\ered The shadow disappeared 
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iut which failed to empty after either drainage or a meal high m fat 
content, although 100 cc of normal “B” bile was obtained which con- 
tained the surprisingly high iodine content of 19 6 mg The second 
patient (95170), who was nervous after a poor night due to nausea, 
vomiting and diarrhea, showed an unsatisfactory shadow not exceeding 
grade 1 density which diminished to one-half its size after eighteen hours 
and then emptied completely after a meal rich m fats From this patient, 
after the administration of olive oil, we recovered 90 cc of “B” bile ^Mth 
a high iodine content of 17 8 mg The high iodine content of these 
two cases was a surprise and a matter of comment, so that the chemical 
determination was repeated, with exactly the same result The interpre- 
tation of these cases is difficult, and they should be completely rechecked 
The remaining case in group 2 (95095) is also of interest The 
gallbladder could not be visualized on films made at the twelfth, six- 
teenth or eighteenth hours Nevertheless, after the administration of 
magnesium sulphate we secured 95 cc of “B” bile with an iodine content 
of 6 2 mg as compared to an iodine content of 0 42 mg in 450 cc of 
“C” bile As this patient, whose condition was clinically estimated as 
•early cholecystitis, had always given satis factor}'- “B” bile recoveries on 
previous drainages, we vere at a loss to account for failure of gall- 
bladder visualization , we repeated the study with Dr Manges on Feb 7, 
1928, at which time a gallbladder shadow of grade 3 density at twehe 
hours disappeared at fifteen hours following which 145 cc of “B” bile 
was recovered by drainage after stimulation with magnesium sulphate 
only The iodine content in milligrams of this patient’s bile fractions 
was as follows duodenal fraction, 0 6, “B” bile after first stimulation 
with magnesium sulphate, 12 7, after second stimulation, 8 4, after 
third stimulation, 2 3, “C” fraction, 375 cc after stimulation with 
olive oil, iodine content, 04 If this case should be accepted on the 
basis of recheck study, it would then properly belong to group 1 

In group 3 are placed the four patients (95106, 95107, 95173 and 
95174) ^^ho were excluded from analysis because of the failure of 
duodenal intubation The reasons for this failure are obvious After 
the administration of the dye capsules all had poor nights with nausea, 
vomiting, diarrhea, excessive nen'ousness and pylorospasm Three of 
these patients have definite clinical evidence of cholecystitis In tiio 
■of these (95107 and 95174), there was evidence of gross food retention 
in the contents of the stomach after twelve hours of fasting One of 
these patients (95174) was continually nauseated throughout the pre- 
liminary gastric lavage and vomited the tube after the first film v as made 
at the twelfth hour period, at which time a gallbladder shadow v as not 
■obsen'ed The third patient (95107) showed a shadow of grade 1 
■density which failed to disappear although it was reduced to one-half 
its size after a meal rich m fats In the fourth patient (95173) vho 
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had p\lorospasm and probably h} perpenstaltic effort, when the tube 
%\as \\lthdra^\n it was found tied m a knot In this patient the dye 
shadow of grade 3 densit} failed to disappear after a meal rich in fats, 
although it was reduced to one-fourth its original size 

COMMENT AND CONCLUSIONS 

From the foregoing resume it is eMdent, first, that the gallbladder 
empties its liquid contents largel}" b}' means of its intnnsic musculature 
and that such factors as diaphragmatic pressure, respirator)' movements, 
changes in intra-abdominal pressure, changes in tonicity of the duodenal 
wall and of Oddi’s sphincter, which thus contnbute to a milking-hke 
action on the common duct, all play a relatively unimportant role 
Second good specimens of gallbladder bile may be obtained by duodenal 
tube after intraduodenal stimulation with magnesium sulphate, peptone 
and oln e oil and to a lesser degree b) some other substances Third, 
specimens of gallbladder bile are therefore procurable for direct micro- 
scopic chemical and bactenologic study in the majority of patients with 
\anous grades of pathologic changes in the gallbladder except w'hen the 
c) Stic duct is obstructed by impaction of a stone, stncture or adhesions. 
Catarriial obstruction of the cjstic duct furnishes one important differ- 
ential e.xception 

The following exceptions, not concerned wuth block of the cystic 
Guct which pretent recover) of gallbladder bile should also be borne 
in mind (o) chronic contracted fibrotic gallbladders, usually containing 
calculi with thickened walls and destrO)ed musculature, (b) gallbladder 
aton) to which we hate referred m various publications and tvhicb 
appears to be identical with the “gallbladder inertia” described by 
Chira) ana his various associates in the French school These are 
probabl) ot erstretched gallbladders some of them with paper thin walls , 
(c) Giscoordinated nerte control to the gallbladder and Oddi’s sphincter 
in tarious neurolabile subjects many of whom show’’ other evidences 
of an unstable nertous system 

The last ttto groups make up those persons whom Smithies and his 
associates''- hate described as exhibiting “physiologic block” as con- 

19 Kalk H and Schondube, W MotdiU of Biliarv Passages, Pituitrin 
Test of Gall Bladder m Catairhal Jaundice, Muncheru med Wchnschr 73 353, 
1926 Chiraj, M , Lebon, J and Galligari, H Action of Certain Stimulants 
ot Aegetatne and Endocnne Sj stems on Contraction of Gall Bladder in Man, 
Bull et mem Soc. med d hop de Pans 50 103, 1926 Mejers, S G Emphmg 
ot the Gall Bladder with Especial Reference to the Use of Pituitrin, Am J M Sc 
175 405 (March) 192S 

20 Ljon (footnote 2, nineteenth reference) 

21 Smithies F , Karshner, C F and Oleson, R. B Xonsurgical Drainage 

oi the Biliarj Tract JAM 77 2036 (Dec) 1921 
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trasted with “mechanical block ” The condition in gi oup A will at all 
times pi event lecoveiy of gallbladder bile and will give strongly positive 
cystographic evidence of chronic surgical cholecystitis The patients in 
groups B and C can usually be made to dram gallbladder bile subse- 
quently 111 gioup B, by exercise of the atonic musculature by a dietary 
rich in fats and by duodenal diainage frequently repeated, m group C, 
by bromides oi other sedatives and antispasmodics such as atropine 
admmisteied hypodermically oi belladonna given by mouth until a 
physiologic effect is pioduced 

Since this study was designed to piove that the gallbladdei can 
empty its liquid contents following intiaduodenal stimulation and that 
such contents represent the source of the “B” bile, it would have been 
better if we had selected normal subjects with normal gallbladders We 
believe it safe to assume that if we had done so, the results in our favor 
would have more nearly approached 100 per cent 

Nevertheless, our results clearly indicate that m patients with 
unobstructed cystic ducts and less advanced cholecystitis the gallbladdei 
IS the source of “B” bile and empties it after mtraduodenal stimulation, 
as demonstrated by group 1 , that in group 2, in patients with more 
advanced pathologic changes, the results, although less good, cannot be 
constiued as vitiating the value of duodenal drainage but merely limit 
the scope of its therapeutic usefulness, as we have pointed out m earlier 
publications We have learned by previous clinical experience that 
many patients i epresentative of group 2 will give so much better results 
on repeated drainages as to justify, in properly selected cases, a con- 
tinuance of nonsurgical management 

Finally, we hope that as a result of the evidence submitted, furthei 
controveisy m regaid to drainage of the gallbladdei by the duodenal 
tube may be unnecessaiy 

We should now turn oui attention to investigating the value of 
duodenal biliary diainage as an adjunct therapeutic agent m various 
problem diseases, such as hepatic inflammations, infections and cir- 
rhoses, vaiious hepatic splenopathies , pernicious anemia, diabetes, the 
medical variety of peptic ulcei , some foims of arthritis, asthma, and 
epileptoid seizures suspected of hepatic intestinal toxic or infectious 
oiigin, and various postopeiative sequelae, such as residual cholangeitis, 
adynamic ileus and pei sistent singultus 

Some favorable reports of clinical impiovement aheady exist, and 
by reason of new advances in physiology and biochemistry many avenues 
of investigation might be profitably followed 
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Gallop rhythm has long attracted the interest of both the clinician 
and the physiologist It has always been regarded as a warning of a 
serious condition of the patient, and even though the belief that it 
in-variably indicates a fatal issue has had to be abandoned, its grave 
prognostic significance is still unquestioned The theories to explain 
the mechanism have been numerous, and consequently the literature 
on the subject is prolific 

In this paper, we attempt to elucidate the dynamic factors connected 
with the production of this extra sound by means of graphic methods, 
giving exact records of the sounds and their relationship to the electrical 
and mechanical phenomena of the heart cycle 

We are concerned only with the study of patients presenting the 
classic syndrome of Potain gallop rhythm in cases of hypertension with 
more or less marked cardiac insufficiency This type of patient is 
fiequeiitly found in hospitals, and has been the subject of numerous 
m\ estigations from many points of view All varieties of methods, 
graphic and otherwise, have been essayed on these patients , the litera- 
ture, however, contains but few actual sound curves, of which 
the remarkable lecords of Lewis are the outstanding examples Most 
of the other writers on the subject are content with records of the 
apex beat 

METHOD 

The point of chief importance seemed to be the exact location of the extra 
sound in the heart C 3 xle To determine this, we used simultaneous records of heart 
sounds and electrocardiograms and, whenever possible, recorded also the venous 
oulsc, arterial pulse and apex beat As many as possible of these records were 
made simultaneouslj on the same strip of film, but m any case, an electrocordio- 
gram vas included ^\lth each set of mechanical records to serve as a standard of 
measurement Lead III of the electrocardiogram was generally used 

We had at our disposal onlj one string galvanometer, which was needed for 
the electrocardiogram We were therefore unable to utilize Einthoven’s electrical 
method of recording heart sounds, though it is probably the most satisfactory 
procedure, as regards both precision and appearance of the records The only 
other method approaching the necessar} high sensltlVlt^ is that of Frank, which 
we adopted m the form of Wiggcrs’ modification,* wath a few' additional minor 
changes 


* Submitted lor publication Sept 15, 1928 

* r rom the Cardiographic Laboratorj of klount Smar Hospital 
1 Wiggers, C J Am J M Sc 153 666, 1917 
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The recording tambour (Frank’s capsule) consists of a small metal cup 
(diameter, 8 mm , depth, 6 mm ) with a typical Frank’s segment, the cord of 
which was 6 mm long As an oscillating membrane, we employ an extremely fine 
film of rubber This is freshly prepared immediatelj’’ befoie use from a rubbci 
solution readily obtained commercially, and known as rubber cement ‘ The solution 
IS rather viscid, and by means of a glass rod a fine film can easily be drawn ovei 
the opening of the tambour The film adheres closely to the edge of the tambour 
and vibrates freel}^ A minute glass mirror, cut from a silvered cover-slip, is 
placed directly on the membrane near the straight segmental edge, any possible 
contact of the minor with the edge of the tambour being carefully avoided, to 
ensure its free movement The placing of the mirror is an important point in the 
technic , this position — neat but not touching the edge — has given us the most satis- 
factory results The extremely small size and negligible weight “ of our mirrors 
make it unnecessary to place them overhanging the edge, as was originally recom- 
mended by Frank 

The method as a whole is satisfactory and has the advantages of extreme sim- 
plicity and trustworthiness, which by far outweigh its defects The mam draw- 
back lies in the fact that the sensitivity of the rubber membrane varies with the 
viscosity of the solution used and with changes of the temperature and moisture 
of the air On some days we found it extremely difficult to pioduce a satisfactory 
sound capsule, but usually the vibration frequency of the membrane was sufficiently 
high for a reliable sound record As this study was not concerned with an analysis 
of the sound vibrations as such, but rather with the determination of the time 
of their occurrence, we did not have any difficulty in obtaining useful curves with 
the average capsule 

The tube leading from the tambour connects by means of a rubber tube (inner 
diameter, 6 mm ) to an ordinary open glass funnel (from 30 to 60 mm in 
diameter), which is placed directly on the patient’s chest in the region where the 
extra sound is best heard, usually near the apex Equalization of pressure and 
elimination of the coarse mechanical movements of the wall of the chest are 
effected by means of an open side tube, connecting the system with the external 
atmosphere 

All the other mechancal records have been obtained with similar Frank tambours 
covered with a thin rubber dam, the mirror being placed as in the sound capsule 
The side tube, of course, must remain closed for this type of record The length 
and caliber of the rubber tubing leading to tlie different tambours should be uni- 
form As a source of light for all mechanical records, we used, following the 
example of Wiggers, a carbon arc lamp with a narrow slit, and a simple optical 
arrangement for focusing the oblong beam of light on our set of tambours From 
each mirror, the recording light ray was reflected on the slit of the camera of the 
electrocardiograph The whole system was so placed that the use of prisms was 
obviated The half of the film on which the beams played was darkened by means 
of a sliutter between the galvanometer and the camera 

Since all mechanical records were made simultaneously with an electrocardio- 
gram, an extra time maiker was unnecessary 

Owing to the difference, however slight, of the angle at which the various 
beams of light pass through the slit of the camera, simultaneous points on our 
curves are not necessarily in a straight line vertically one above another Sjn- 
chronous points, therefore, have always been carefully checked at each experiment 
by means of a vertically moving shutter, which instantaneouslj' cuts off or admits 

2 This was recommended to us by Prof D J Edwards 

3 The average weight of our mirrors was about 0 0006 Gm 
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the \arious light beams Wherever simultaneous points on the -various curves 
are not situated m a vertical line above the electrocardiogram, the deviation is 
carefull} measured and indicated on the tracings 

TIME RELATIONSHIP OF THE EXTRA SOUND 

B 3 means of these records, then one can ascertain the exact time 
relations of the extra sound to other ev^ents of the cardiac c 3 cle, and 
can consider which of such events ma}^ have a causal connection with 



Fig 1 — Electrocardiographic record of S S, a man, aged 32, with hvper- 
tension and cardiac insufficiencv and no murmurs, pulsus alternans and gallop 
rhvthm The average blood pressure was 200, svstohc, 130, diastolic Upper 
curve shows the apex beat, with large a wave and the lower, sounds The extra 
sound IS marked III 

the sound In agreement with all previous observations, in true gallop 
rhvthm the extra sound occurs during ventricular diastole, that is 
between the second sound of one heart beat and the first sound of the 
succeeding cv cle The curv es show that this extra sound on the phonocar- 
diograin alvvavs occurs at the same time as the latter half of the P wave 



Fig 2 — Electrocardiographic record of R K, a woman, aged 63, w'lth coronar\ 
disease, hypertension, intraventricular block and gallop rhythm The average 
blood pressure was 170, systolic, 110, diastolic The cur\es show the third sound 
simultaneous with auricular contraction 



Fig 3 — Electrocardiographic record of Samuel S , a man, aged 38, w ith chronic 
nephritis, hypertension, cardiac msufficienc\, systolic murmur at the apex and 
gallop rhythm The average blood pressure was 250, systolic, 160, diastolic 
The upper curve shows the apex beat, wuth a prominent a wa\e and the lower, 
jugular pulse and sounds A loud extra sound is marked III, and occurred simul- 
taneously wuth auricular contraction 
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of the electrocaidiogiam, and simultaneously with a large distinct wave 
of the apex beat and the a vare of the venous pulse (figs 1, 2 and 3) 
This ^\ould therefore point to the auricular contraction as the deter- 
mining factor, an idea which was first propounded by Charcelay,-* in 
1838, and which has been frequently reviewed by subsequent authors 
The mere observation, hou e^ ei , of the apparent simultaneity of the 
auricular contraction and the gallop sound cannot be held as satisfactory 
evidence by itself of a connection between the two events In many 
cases, a rather marked tach5cardia is present, which apparently plays 
an important role in the dynamics of the phenomenon Owing to the 
increased rate, the diastole is often so short that the extra sound vibra- 
tions aie crowded in between the preceding second and the following 



Fig 4 — Electrocardiographic record of J H , a man, aged 54, with hyper- 
tension, mjocardial insufficiencj , partial aunculoventricular block, aortic sclerosis 
and bronchopneumonia The average blood pressure was 200, systolic, 130, 
diastolic The extra sound (middle curAc) starts 0 06 second after the peak of 
the P \\a\e The coarse and loud Mbrations should be noted In the apex beat 
(upper cur\e), the large a wa\e is simultaneous ^\^th the third sound It should 
be noted how the broadening of the apex beat curve makes the a w'ave appear 
protodiastolic, while the extra sound is clearly middiastolic Simultaneous points 
of apex and sound records are indicated bj dotted lines 

first sound thus occupt mg almost the whole of the period of ventricular 
diastole It can be argued that because of the shortness of diastole 
almost any diastolic etent must necessai il}'^ occur more or less 

4 Charccla\ Arch gen de med 3 393, 1838 

5 Krehl, L Arch f Phjsiol (Du Bois-Rejmond), 1889, p 253 Lewis, 
Thomas Lectures on the Heart 1915, p 66 Muller, Friedrich Munchen 
incd Wchnschr 53 786, 1906 Robinson, Canb} Am J ]\I Sc 135 670, 1908 
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simultaneously with auncular conti action This difficult}, ho^^e^er, 
vanishes in cases showing paitial auiiculoventiiculai block, in which, 
because of a prolonged P-R interval, the groups of sound oscillations 
are separated fioni each other moie definitely One such case is shown 
in figure 4 The extra sound here foims a large gioup of vibrations, 
which aie even moie intense than those of the second sound, and 
are clearly i elated to the P wave in the electiocaidiogiam This recoid, 
in conjunction with the pievious obseivations, seems to us convincing 
proof that auncular conti action and gallop sound aie indeed connected, 
since it IS clear that shifting of the auriculai contraction fiom its usual 
place 111 diastole is accompanied by shifting of the third sound The 
measurement of the time relations shows that the extia sound in this 
case starts at an aveiage time of 0 05 second after the onset of the P 
wave m the electrocai diogi am, while the first sound has appi oximately 



Fig 5 — Electrocardiographic record of H A, a man, aged 23, with mitral 
stenosis and insufficienc}^ and presystolic and systolic murmur at the apex It 
should be noted that the presystolic murmur shifts its place in diastole in the 
same sense as auricular contraction When the auncular stimulus is blocked 
from reaching the ventricle C"^) the murmur is recorded, isolated in early diastole 

the same time i elation to the beginning of the QRS complex 
(0 06 second) 

A similai situation may be found m so-called piesystohc muimuis of 
mitral stenosis Here, also, it is known that the muimur may change its 
position in diastole along with the atiiiculai conti action An inteiesting 
example of this behavior is given by a cuive (fig 5) taken of a patient 
with combined initial and tricuspid lesions The patient suffered from 
short attacks of paroxysmal distuibances of conduction On the one 
recoid, the muimui may be seen to be pres}stolic when auiiculoventiic- 
ular conduction is adequate, middiastolic, when the P-R inteival is 
lengthened, and piotodiastohc, when conduction fails, the ventricular 
complex IS skipped and the P wave lemains isolated during a long 
pause 
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PROTODIASTOLIC \XD PRESTSTOLIC GALLOP RIITTIIM 

As far as is sho^^n by the records, it would appeal that — at least 
in the Inpertensive group of cases showing gallop rhythm — the distinc- 
tion belli een protodiastolic and presystolic gallop is not of great 
significance” Granting that in these cases gallop sound and auiiculai 
contraction are interrelated, it will depend entirely on the relative posi- 
tion of auricular contraction between the preceding second and the 
subsequent first sound whether the gallop is protodiastolic or presystolic 
The factors determining this are, therefore, the rate of the heart beat, 
on the one hand, and the length of the aunculoventncular conduction 
interval, on the other 

1 Rate — The shorter the diastole becomes with increasing rate, 
the nearer the extra sound approaches the preceding second sound At 
a relative!} slow rate, it is presystolic , at a higher rate, middiastolic, and 
It ma} even become protodiastolic, when with mounting tachycardia the 
interval between the end of the preceding systole and the next auricular 
contraction becomes shorter than the interval between the lattei and 
the following first sound 

2 Aw iculovcnfiiculai Conduction Time — Just as changes of rate 
by mere shortening of diastole may diminish the interval between 
ventricular s} stole and the next auricular contraction, so may dis- 
turbances in conduction produce the same effect by lengthening the 
intenal after uhich ^entrlcular contraction follows auricular contrac- 
tion With increasing delay in conduction, the type of the gallop rhythm 
uill again be changed from presystolic through middiastolic to proto- 
diastolic The case shoun in figure 4 is of this type That proto- 
diastolic gallop ma) be due to prolongation of the aunculoventncular 
interval has alread} been suggested by Gallarardin," on the basis of a 
similar case, in uhich, however, sound curves w’^ere not obtained Here 
it ma} be remarked that although higher degrees of block are not 
common in gallop rhythm,® simple prolongations of the P-R interval 
are not infrequent, conduction time ranges generally about the upper 
limit of normal (0 2 second) 

Quite aside from these considerations, it must be lemembeied that 
the clinical determination of the character of the gallop — whether proto- 
diastolic or preststolic — becomes increasingly difficult with increasing 
rates Eten on the sound records it is sometimes hard to determine 

6 Muller (tootnote 5, third reference) 

7 GaIIa\ardin, L Arch d mal du coeur 12 410, 1920 

8 White, Paul D Clinical Significance of Gallop Rlnthm, Arch Int Med 
41 1 (Jan) 1928 
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2) , in fact, Potain himself, \\ho originated the distinction, admitted 
that chmcall} it is often impossible to dilterentiate bet^\ een the t^ pes ° 
The attempt at ditterentiation has ne^ertheless remained a fa^orlte pas- 
time m bedside medicine, in spite of its difficult} , perhaps because of it 

RECORDS or THE APEX BE \T 

A large diastolic wa^e m the records of the apex beat ha‘^ been 
described frequent!} Muller,*^ Canb} Robinson and others ha^e 
assumed that in pres}stohc gallop this ^\a^e is an expression of auricular 
contraction In fact, it has hitherto been almost the onh graphic 
evidence of a connection between the accessor} sound and auricular 
contraction Our records of gallop rh}thm (figs 1, 3 and 4) demon- 
strate beyond doubt the simultaneit} of this waAe, the third sound and 
auricular contraction The •\\a\e shovs, moreover, the same ■variable 



Fig 6 — Electrocardiographic record of H H , a man ith mitral insufficienc} 
Normal electrocardiogram Normal apex beat, shoving the small and insig- 
nificant normal a vave 


position in diastole as has alread} been demonstrated for the extra 
sound The large size of this auricular vave in gallop rh}'thm is 
remarkable, and it was constantly observed m all our cases It must be 
kept m mind that the a vave of the normal apex beat is small, often 
scarcely visible (fig 6) 

In connection with the use of the apex beat as a means of locating 
the auricular contraction, there is one source of error vhich has hitherto 
escaped attention Owing to the slow rate at -which relaxation pro- 
ceeds in these cases, the pressure cur\e is marked!} widened Hence 
the a w^ave of the apex beat curve may follow the dow nstroke so quickh 
as to appear protodiastolic even though it is actually middiastolic as 


9 Potain C L’umon medicale 1875 -vol 20, p 706 
10 Robinson (footnote 5, fourth reference) 



174 


ARCHIVES OF INTERNAL MEDICINE 


show n b} the sound record Figure 4 is an interesting example of such 
a case This contrast between apex beat and sound recoids as regards 
the apparent location of the extra sound in diastole becomes more 
important if one considers that the majority of authors have relied almost 
entirely on lecoids of the apex beat 

ACCESSORY SOUNDS OF OTHER TYPES 

The classic form of gallop rhjthm, that observed in hypertensive 
disease, theretoie, is characterized bj a third sound occuinng simul- 
taneously w'lth auricular contraction As the term “gallop” has often 
been used rather loosel} to describe almost an}' third sound appearing 
in diastole, it seems woith wdiile to mention briefly certain types of extra 



r>g 7 — Electrocardiographic record of a man, aged 23, with sj'stohc murmur 
'u the apex but no diastolic murmur The roentgenographic appearance of the 
htart, the blood pressure and the electrocardiogram were normal The sound 
record show s a t> pical plw siologic third heart sound 

sounds with a definite difterence in mechanism We distinguish tw'O 
mam groups 

1 The physiologic third heait sound has been desciibed by many 
modern writers (Gibson, Eintho\en,^“ Thayer and Hirschf elder 
but ‘:atisfactor\ etidence as to its oiigin is not yet available A glance at 
a record (fig 7) howcAer cominces one that auricular contraction at 
least IS not responsible for it, the mechanism is certainly' not the 

11 Gibson \ T Lancet 2 1380, 1907 

12 Eintho\en, yy Arch i d ges Phjsiol 120 31, 1907 

13 Tha\cr, \V S Boston M JL S J 158 713, 1908 

14 Hir^chfeldcr A D Diseases of the Heart and Aorta, Philadelphia, J B 
I ippincott Co, 1918 p 173 
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same as that of gallop ihythm in h}pertension According to Bridge- 
man/'^ the sound occurs generally 047 second after the onset of the 
anacrotic wave of the apex beat The same author suggests a ibrations 
of the auiiculoventncular \ahes as a possible cause, ^\hlle Eintho\en 
located the point of oiigin in the aorta oi aoitic valves There is not, 
however, definite proof of either of these assumptions 



Fig 8 — Electrocardiographic record of N W , a boj, aged 16 >ears, with 
rheumatic fever, mitral insufficiencj’^ and stenosis The blood pressure was 104, 
systolic, 60, diastolic The group of oscillations marked III represent a “sound- 
like” diastolic murmur At other periods, the patient showed an ordinarj diastolic 
rumble 



Fig 9 — Electrocardiographic record of B L, a voman, aged 39, with mitral 
stenosis and auricular fibrillation The record shows reduplication of the second 
sound 


2 The so-called i eduphcation of the second sound in mitral stenosis 
(the claquement mitial of the Fiench authors) is better known It may 
be a ludimentar}^ muimur or the initial phase of a diastolic murmur 
associated with the opening of the rigid mitial \alves in early diastole 
(fig 8) It IS certainly independent of auricular contraction since it 
often occurs in cases showing auiiculai fibrillation Figure 9 shows 


15 Bridgeman, E W Heart 6 41, 1915 
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a 1 cduplicated second sound in a patient ^Mth mitral stenosis with 
auricular fibrillation On the other hand, we have never observed a 
t^ pical gallop sound in h} pertensive cases showing auricular fibrillation, 
vhich IS in accordance uith the obser\ation of Lewis that presystolic 
gallop disappears in auricular fibrillation 

Both of these t}pes of accessor) sounds aie easily distinguished 
chnicall) from gallop ih}thm The) both lack the peculiar tactile 
character of the gallop sound AVith its soft, diffuse shock, which often 
makes it felt rather than heard 

MECHANISM or GALLOP RH\THM 

In the gioup of cases investigated — all showing hypei tensive caidiac 
insufficienc) — we have satisfied oursehes that auricular contraction and 
the extra sound are simultaneous While oui records show this fact 
unequn ocally, the Mew that an audible auricular contraction is respon- 
sible for gallop rh) thm is b\ no means a new^ one In fact, Charcelay,"' 
the first obsener wdio ga^e a lucid description of the phenomenon 
ad\anced this theor) as long ago as 1838, assuming that the contraction 
of a hvpertrophied auricle might occasionally become audible Although 
he did not use the expression "gallop, ’ there is no doubt that this is wdiat 
he was describing We do not intend to attempt a complete survey of 
the immense -volume of literature on gallop rhythm, more particulaih 
as a review^ on the subject was published last year by Holt In passing 
we might mention that Charcela}’s view' found little acceptance in the 
subsequent decades and w'as m turn replaced b) such theories as those 
of as)nchronism,’'’ poh s) stole,-® actne dilatation in diastole,-^ and 
contraction of papillary muscles -- Potain ® w'as the first to distinguish 
between protodiastolic and pres)Stolic gallop rhythm According to 
him the mam factor is a rigid, fibrosed ^entrlcle w'hich must be forcibl) 
distended b) the inflow mg blood It is this sudden distention of the 
rigid muscular wall which in his opinion, leads to the production of the 
third sound In his theor) . the role of the auricular contraction is 
neglected, whenever the blood flow suddenK distends the ventricle 
during diastole the sound will occur This, of course, fitted well into 
Potain s principle distinction betw'een protodiastolic and presystolic 
gallop rlnthm More recent!), the theor) of auricular origin was again 

16 Lewis (footnote 5, second reference) 

17 Potain, C Semaine med 20 175 1900 

IS Holt E Am Heart J 2 453 1927 

19 Bomeret L and ClnbaJier Ljons med 60 241, 1889 

20 D Espmc Rev de med 1 117 1882 

21 Brauer \'erhand! d Kong f mn Med 21 189, 1904 

22 Chain eau A These de Pans 1902 no 315 
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taken up by George Johnson and later b)'^ AlullerJ Canb} Robinson 
and Laubiy and Pezzi All these authors, ho^^e^el, maintain the dis- 
tinction between protodiastolic and presystolic gallop 

In oui opinion, however, this distinction is of \alue onl} if U\o 
different types of mechanism aie designated As has been stated a mere 
vaiiation in the length of diastole may so altei the i elation of the thud 
to the preceding second and the following fiist sound as to pioduce 
either of these types of gallop The distinction apparently loses its 
significance if the same mechanism can m one instance produce pioto- 
diastolic, and in the next presystolic, gallop rh 3 'thm, just because the 
sinus rate happens to he diffeient in the two cases If, however, proto- 
diastolic gallop should prove to be due to an essentially different mecha- 
nism, the distinction between this and piesystolic gallop would be of 
gieat impoitance According to Canby Robinson and otheis, proto- 
diastolic gallop corresponds to an exaggerated “ph} siologic” third sound, 
while the typical presystolic gallop is due to an audible aunculai con- 
ti action — two radically different mechanisms 

The ph)''Siologic thud sound, whatevei may be its oiigin, whether it 
IS due to vibiations of the auiiculoventriculai valves in early diastole 
oi to some other mechanism, is not due to an actne conti action of any 
part of the lieait It is most frequently and almost exclusively found 
in young persons, it varies with the position of the patient, and it is 
raiely heard m the broad chested type of patient, who so often shows 
gallop rhythm Occasionally the physiologic thud sound is loud and 
exaggerated, but heie the exaggeration has by no means the ominous 
significance of gallop rhythm 

The situation is entiiely diffeient with those heaits which exhibit 
audible auricular sounds All our cases of gallop ihythm suggested this 
type of mechanism and, in contrast to the preceding group, presented 
definite evidence of heart failuie 

The conditions under which auricular contractions become audible 
aie apparently definitely abnormal This leads to the questions 

1 Why is aunculai contraction not heaid undei noimal conditions^ 

2 What are the conditions that make auiicular systole an audible 
event ^ 

The fact that the noimal aunculai conti action is inaudible certainl} 
needs explanation That the mass of muscle is not too small to pio- 
duce a sound is shown by Ki ehl’s observation that auricular sounds 
occasionally become audible in the heait of a dying dog, A\hen heaid, 
they are weaker than the venti iculai sounds lint ai e definitely pei ceptihle 

23 Johnson, George Lancet 1 697, 1876 

24 Laubrj^ and Pezzi Bruit de Galop, Pans, 1927 

25 Krehl (footnote 5, first reference) 
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Tiie idea that auricular and first ^ entricular sounds fuse into one under 
plnsjologic conditions is not tenable The inter\al between the occur- 
rence of the o sounds is undoubtedi)" long enough for the recognition 
ot two distinct entities, since acoustic vibrations separated from each 
other b} an inter\al of e\en so little as 001 second can be perceived as 
tw 0 distinguishable sounds There seems to be no reason why auricular 
contraction should not normally be heard unless there are factors causing 
the sound Mbrations to be damped This, we believe, is wdiat actually 
occurs In 1911, "von W}ss-'^ and later Bridgeman,^" by means of 
excellent cur^es, showed that phonocardiographic records of normal 
persons occasional!}' present a small group of Mbrations occurring at an 
inter\al of 0 07 second before the first sound These vibrations are 
eMdently highly damped, as shown by their small excursions, which 
dimmish so rapidly that often onl\ a single wave is seen This marked 
damping apparently depresses the vibrations below' the level of 
audibiht} It IS not difficult to see tliat the cluef factor in the production 
of damping effects must be the \entricle In the normal heart the 
^ent^cle is completel} relaxed wdien auricular contraction occurs, its 
walls forming a soft, flexible mass w'hich }ields readily to the slightest 
pressure of the inflowing blood In this phase auricle and ventricle 
form one large caMt}, w'hereof the soft ^ entricular portion not onl} 
fails to participate in the vibrations of the auricle, but acts as a 
damper that silences w'hate^e^ vibrations may have been started by the 
sudden contraction of the auricle muscle fibers The amount of damp- 
ing is clearly proportional to this vielding capacity of the normal 
ventricular muscle in diastole With rising tension of the ventricular 
wall, the damping influence must be diminished and the chances of 
audibilitv improv ed Bridgeman has alread} suggested that a slightly 
higher ventricular tension in his cases might account for the occurrence 
of presvstohc sound wav'es on the curv'es 

Here we find ourselves in the midst of the central problem alread} 
referred to What are the circumstances in wdiich auricular contraction 
becomes audible 7 

As long as the damping action of the v entricle is preserv ed, auricular 
contraction remains inaudible If, however, the ventricle has lost its 
silencing power the reason for this change can only be an alteration 
in the state of its wall We must assume that the ventricular wall is 

26 Von \V\ss Deutsches Arch f klin Med 101 1, 1911 

27 Bridgeman, E V Notes on a Normal, Pres^stolIC Sound, Arch Int 
Med 14 476 (Oct ) 1914 

28 Einthovcns paper on the plnsiologic third heart sound contains a sound 
record with characteristic presistohc Mbrations (Arch f d ges Ph^SIol 120 31, 
1907 fig 5, table 1) The oscillations are small and damped, and ha\e the same 
relation to the lollowing first sound as m Eridgeman’s cases 
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no longei in a stale of complete iela\ation m diastole, but now oflcis 
a maiked resistance to the enhance of blood dining auiicular s\ stole 
The piessure wave produced by the contracting auiicle meets with a 
ventricular wall which no longei yields passive!) to eveiy impulse, the 
pressuie is laised suddenly in the laige common caiit) coinpiising both 
amide and ventiicle, and the whole of its snnoundmg wall is tin own 
into transveise vibrations These, tiansmitted to the w^all of the chest, 
aie heaid as the famihai thud sound of gallop ih)thm As has often 
been stated, it is best heaid neai the apex, wdnch is that poition of the 
vibiating muscle mass closest to the wall of the chest In this concep- 
tion, the extia sound is a combined auiiculai and ventiiculai eftect, and 
the pai ticipation of the ventiicle explains wdiy a sound, auiiculai in 
oiigin, should be so well perceived over the ventiicle 

This explanation involves twm assumptions, hist, an alteied condition 
of the ventnculai muscle, and second, an inci eased piessure m the 
auricle Is theie any evidence, experimental oi otheiwise, that wmuld 
support the hypothesis that these changes aie likel) to occui undei 
conditions of hypertension wnth cardiac insufficiency ^ 

At fiist it seems paradoxic to suppose that a failing heait, wdiich is 
commonly associated with a “weak” musculatuie, should present a 
ventiicle of which the fibeis aie at an augmented tension How^ever, the 
experimental wmrk of Frank, Patteison, Pipei and Starling,®® 
Stiaub®^ and otheis has taught us that undei ceitain expeiimental 
conditions this is actually the case The dynamics of the heai t working 
under iiici eased resistance were first studied by Fiank In his w'ell 
known investigations on the heait of the frog, he showed that the 
diastolic tension of the heait muscle determines the efficiency of the 
contraction Hence a use of peripheial resistance, wdiich wmuld of itself 
dimmish the output, causes an increased initial diastolic tension that, by 
pioducing a stiongei contraction, enables the heait to maintain its 
stroke volume This mechanism of compensation, how^ever, w^oiks only 
wnthin ceitam limits, if the peiipheial resistance uses beyond a certain 
ciitical point, then a fuithei mciease of diastolic tension fails to evoke a 
stronger contiaction, on the contiaiy, the efficiency of the contiaction 
diminishes, the stioke volume falls and insufficiency sets in 

Starling and his collaboratoi s and later Straub, wmrking wuth Star- 
ling’s heart-lung piepaiation, weie able to show^ that essentially the 
same mechanism pievails in the mammalian heart As an illustiation, 

29 Frank, O Ztschr f Biol 32 370, 1895 

30 Patterson, S W , Piper, H, and Starling EH J Phjsiol 48 405, 1914 

31 Straub, H, in Bethe, A, et al Handbuch der Normalen und patholo- 
gischen Physiologic, Berlin, Julius Springer, 1928, \ol 7 p 254 
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w e reproduce cun es from Straub s w ork (fig 10) recording the 
pressures in the left -ventricle (upper group) and the left auricle (lo^\er 
group) during an experiment with increasing arterial load Cur\es 
1, 2 and 3 show' the pressures while the heart action is still efficient 
One can obser\e the graduall} increasing diastolic tension accompanied 
b} a con esponding rise of s} stohc pressure The s} stohc pressure cur\ e 
is little widened With the onset of insufficienc}, howexer (curxe 4), 
the diastolic tension still continues to rise, but the systolic pressure falls, 
and the widening of the curve becomes marked For our purposes 
it IS particular!} interesting to note the behaxior of the auricular pres- 
suie At first during the stage of compensation, the pressure lex el rises 



Fig 10 — ^fter Straub The cur\es show the changes of mtrax entricular 
(upper senes) and intra-auricular (lower series) pressure, during an experiment 
with increasing arterial load The gradual increase of diastolic tension, par- 
ticularh x\hen the stage of insufficiencx is reached (curxe 4), should be noted 
The intra-auricular pressure is likewise drnen up at the same time 

but little and graduallx but as soon as the stage of insufficiency is 
reached (curxe 4), the intra-auricular pressure rises abruptly to a 
considerable height 

One may therefore reasonablx assume that the dxnaraics of cardiac 
insufficiencx in human hxpertension are basicall} of a similar nature 
Both factors which we postulated for the production of gallop rhythm 
are at least made probable bx the experimental xxork The conception 
explains at once the prexalence of gallop rhxthm in hxpertensixe cases 
xxitli cardiac insufficiencx, xxhile the inconstancy of its occurrence fol- 
lows from the functional nature of the phenomenon It is often reported 
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that with lecuning compensation the extra sound ma} chsappcai Its 
pioduction IS the result of a functional process and does not depend, as 
111 the oiiginal hypothesis of Potain, on a rigid fibrosis of the ventricle 

This conception of the mechanism of gallop rh}thm supplies a 
natuial explanation of other pecuhaiities connected with the phenom- 
enon, particularly the constant finding of a large auiiculai wa\e in the 
apex beat, which is paialleled m the high auriculai piessure in Stiaub's 
expel iment 

The main condition, then, foi the establishment of gallop ihythm is 
an increased diastolic tension of the ventricular muscle fiber, which may 
be present even befoie the appearance of the usual clinical signs of cardiac 
insufficiency White® showed, however, that congestive heart failuie 
was present in a majority of his cases, at least 61 pei cent showing symp- 
toms of cardiac insufficiency White also made the obseivation that an 




Fig 11 — Electrocardiographic record of B M, a woman, aged 53, with 
bronchial asthma, tuberculosis and hypertension The record shows coarse vibra- 
tions corresponding only to those auricular contractions which are premature The 
normal auricular contractions remain silent The audibility of the auricular extra- 
systoles IS perhaps favored by the patient’s hypertension 

improvement m the clinical syndrome of heart failure undei digitalis 
therapy was occasionally accompanied by the disappearance of the extra 
sound This agrees with our own observation that gallop ihythm is 
not infrequently a temporal y phenomenon, which is determined by the 
functional state of the muscle Any cause, whethei permanent oi tem- 
poral y, which changes the state of the ventricular muscle fibers to a 
heightened tension is likely to produce audible auricular sounds A 
case in which auriculai extrasystoles occur in early diastole might 
illustiate this fact (fig 11) Heie the exti as} stoles fiequently occur 
at an interval of about 0 06 second after the end of the second sound 
and theiefore piobably at a time when the ventricle is not }et fully 
relaxed Consequently, the usual damping effect of the Aentricle being 
eliminated, a gioup of vibiations appear in the sound cur\e simultane- 
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ousi} w ith the premature P ave of the electrocardiogram This is the 
more interesting, since m the normal cycles of the same patient auricular 
conti action remains silent We ha-\e already mentioned that tachycardia, 
uith its shortened diastole, favors the production of gallop rhythm 
In this connection it may’’ be recalled that auricular sounds are often 
heard m cases shoeing complete auriculoventricular heart block, in 
which the conditions for their audibihty’^ are particularly favorable The 
loss of cooidmation between auricular and ventricular rhythms causes 
the auricle frequently to beat against a conti acting, or onty partially’ 
relaxed, ventricle thus increasing the resistance to auricular contraction 
This in turn tends to increase the force of auricular contraction Other 
favorable factors are the frequently present hy’pertension, the large 
diastolic filling of the ventricle and its increased diastolic tension 
Figure 12 illustrates such auricular sounds in complete heart block 



Fig 12 — Electrocardiographic record of H L, a man, aged 60, w’lth complete 
auriculoNentricular block, following rheumatic infection An emp 3 ema compli- 
cating left-sided pneumonia necessitated the resection of a number of ribs, in 
this waj a large portion of the heart was exposed, w’hich remained merely cov- 
ered with skin The sound records are taken from the apex, and show the large, 
coarse iibrations accompanjing auricular contraction 

It may be w ell to point out here that the auricular sounds m dissocia- 
tion ha3 e exactly the same peculiar “palpable” quality as the extra sound 
in gallop rhythm This curious tactile component of the gallop sound 
has been emphasized by luany observers since its first classic presenta- 
tion by Potain He described the accessory sound as dull and as “felt” 
lather than heard by the ear This is the reason why it can be best 
pcrceu ed w itli the w ooden stethoscope The impulse can often be felt by 
hand on the precordium This description of gallop sounds is exactly 
applicable to the case of auricular sounds in complete block, and this 
close resemblance is, in oui opinion, an important additional argument in 
faior of the auricular origin of the accessory- sound in gallop rhythm 

It IS not necessary to look far for an explanation of the dull char- 
acter of the sound First a 3al\ular component does not enter into the 
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pioduction of the "bruit de galop”, it is a pure muscular sound Then 
the cavity in which it oiiginates is large, comprising both auricle and 
ventricle and thus tending to produce vibrations of a rather lo\\ 
frequency Finally, the onrush of blood into the ^entrlcle accelerated 
by the auricular contraction adds to the "palpable” charactei of the 
phenomenon 

SUMMARY 

1 Gallop rhythm as seen in peisons with hypertensive disease is 
produced by an extia sound simultaneous ^\lth auricular contraction 

2 Inci eased diastolic tension of the ventiicle and increased intra- 
auricular pressure are legarded as the mam factois in the causation 
of the accessory sound 

3 The relation of these conditions to the theory of caidiac insuffi- 
ciency IS discussed 

4 Protodiastolic and presjstohc gallop ihythm, m the hypertensne 
type of case, are due to essentiall} the same mechanism 

5 The physiologic third sound and the i eduphcation of the second 
sound are distinguished fiom tiue gallop sound because they are pro- 
duced by fundamental!)' different mechanisms 



EXPERI^IENTAL HEART BLOCK-- 


CLAYTON J LUNDY, MD 

AND 

LEWIS W WOODRUFF, AID 

CHICAGO 

In the course of our experimental a\ ork on the heart, a ne\A method 
was demised for increasing the intra-auiicular and intraventricular pres- 
sures of the intact dog This vv as done by t) mg a balloon on the tip of a 
properl} bent glass rod (2 mm in diameter) and inserting the rod into 
the right auricle oi ventricle b} way of the right jugular and innominate 
v^eins This apparatus was connected with a mercury manometer and a 
pressure bottle w^hich pennitted raising the intra-auncular pressure to any 
desired amount It was found unnecessary to use heparin to prev^ent 
coagulation, as clotting of blood was observed only once in twenty-five 
experiments After a few trials, w’^e were able to put the balloon into the 
right auricle, the right ventricle and the inferior or superior vena cavae 
at will Control electrocardiograms were taken before and after 
tracheotom} , after t} ing the right jugular vein, after inserting the balloon 
and during the experiment after sectioning both v agi Ether anesthesia 
was used 

RESULTS 

With an intra-auricular pressuie of from 15 to 60 mm of mercui}, 
there was gradual lengthening of the PR interval from OOS second to 
0 2 second, a period of 2 1 block establishment of an independent 
ventricular rh}thm and finally complete suppression of the P wave 

After release of the pressure in the balloon, there was a gradual 
return to the control t}pe of sinus rhythm with normal PR interv'als 

This procedure w as repeated three times vv ith the same results in one 
dog and similar observations were made on seven different dogs. 
These results were produced in one of three w^a}S (1) b} mechanical 
pressure (2) bv anemia or (3) bv a combination of mechanical pressure 
and anemia 

We were unable to obtain anv similar results b} placing the balloon 
entirelv v\ ithm the right v entncle or the inferior or superior v ena cav ae 
nor could we obtain such results in experimental pericardial effusion, or 
in open chest operations in which the coronarv sinus or the circumflex 
branch of the right coronarv arter} was tied Double vagotomy did not 
hav e anv effect on tlie results vv hen done during the block produced with 
this method, nor did it prevent the appearance of the block 

Submitted for publication Sept 10 1928 

From the Department of Aledicme of Rush Afedical College Umversitv of 
Queago 
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Chart 1 — Control after balloon was inserted into right auricle PR 0 09 
sec , PP 0 36 sec 



Chart 2 — Intra-auricular pressure increased, shownng PR 0 21 sec , PP 
0 51 sec , two to one block 



Chart 3 — Complete suppression of P w^ave with establishment of \entricular 
rh 3 "thm RR 0 86 sec 



Chart 4 — Recovery after pressure in balloon w^as released PR 010 sec, 
PP 0 40 sec All tracings are of lead I, time markings at one tw'entj'-fifth 
second intervals 
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CONCLUSIONS 

1 The PR interval was gradual!)' prolonged into 2 1 and into com- 
plete block 

2 The late of the sinus node was depiessed 

3 Complete suppression of the sinus node was produced 



THE EXCURSION OF THE COSTAL r^IARGINS 
IN HEALTH AND IN DISEASE 

H A BRAY, MD 

AND 

J L WILSON, MD 

RAY PROOK, N 'i 

Between 1913 and 1926, C F Hoover of Cle\ eland published a 
number of interesting articles on the mechanics of respiration in which 
he emphasized the diagnostic significance of the mo\ ements of the costal 
margins According to this author, the intercostal muscles and the dia- 
phragm have antagonistic actions The intercostals enlarge the trans- 
verse and anteroposterior diameter of the lower part of the thorax in 
inspiration, and tend to draw the costal margins away from the median 
line and to wuden the subcostal angle, while the contraction of the dia- 
phragm increases the longitudinal diameter of the chest and at the same 
time tends to draw the costal margins tow^ard the median line, thus nar- 
rowing the angle betw^een them The extent and direction of the 
marginal motion are thus the result of the antagonistic forces exerted 
by the intercostal muscles and the diaphragm 

Hoover further claimed, however, that when the arch of the dia- 
phragm IS flattened from any cause, such as a pleural effusion, the 
muscle IS placed at a mechanical advantage wdiich gives it master} er 
the intercostals as shown by the narrowung of the subcostal angle in 
inspiration, while if the convexity of the diaphragm is increased, as by 
a subphrenic abscess, the action of the muscle on the costal margin 
becomes less effective the intercostals control the situation and the 
inspiratory effort causes flaring of the lower ribs with increase of the 
subcostal angle To quote Hoover’s words ” there is exhibited 
in the costal border movements a very accurate index of the balance of 
power betw^een diaphragm and intercostals ” ^ Again, “The mo\ ement 
of the costal borders is a reliable index of the eleiation or depression 
of the arch of the diaphragm ” ^ 

From all this it follows that careful observation of the marginal 
movements during inspiration wall give -valuable information about the 
condition of the diaphragm, and will enable the pin sician to draw impor- 
tant inferences therefrom As Hoover said “Such -studies improve the 
accuracy wuth w'hich one differentiates between infraphrenic and cupra- 

* Submitted for publication Oct 1 1928 

’^From the New York State Hospital for Incipient Pulmonaiw Tuberculosis 

1 Hoov er, C F The Importance of the Patient’s Position in Stud> mg Lung 
Excursion, J A A 81 1602 (Nov 10) 1923 

2 Hoover, C F The Functions of the Intercostal Muscles, J A 2^1 A 
73 17 (July 5) 1919 
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phrenic disease and enables one to difteientiate between lesions 

which cause phrenic displacement and those which do not modify the 
plane of the diaphragm ” ^ 

In brief, Hoover thought that an inward movement of the costal 
margin during inspiration indicates either flattening oi increased “activa- 
tion” of the diaphragm, while an outwaid movement means that the 
suiface of the diaphragm is convex, oi that its activation is diminished 
relative to the intercostals These modifications of the maiginal motion 
constitute the so-called “Hoover’s sign ” 

Considerable controversy has arisen regarding the validity of 
Hoover’s conclusions and the importance of his “sign,” and we were 
prompted to make a reappraisal of his views in so far as they apply to 
disease of the lungs and plema 

We ha\e been unable to establish any criteria of the degree of activa- 
tion of the diaphragm aside from the amplitude of its excursion 
Further, we have been unable to detect any such constant relationship 
between the position and contour of the diaphragm and the excursion of 
the costal margins as Hoover claimed 

Our observations lead us to the conclusion that the particular type 
of breathing (abdominal, lower thoracic, uppei thoracic) and the lateral 
sway of the thoiax, which often occurs duimg respiration, are more 
important m determining the direction of the costal excursion than are 
the position and contour of the diaphragm 

THE EXCURSION OF THE COSTAL MARGINS IN HEALTH 

The movements of the costal margins weie first studied m the healthy 
subject, and these observations were used as a basis to interpret their 
variations m disease Seventy-one subjects were studied, forty males 
and thirt)-one females, ranging between the ages of 18 and 40 Sub- 
jects presenting conditions which might modify the costal excursion, 
such as eMdent deformity of the chest, were excluded from the series 
Observations were made dm mg quiet, moderate and forcible breathing, 
111 the standing, sitting and supine positions, and cai e was taken that the 
subject was lelaxed at the time the observations were made 

In some healthy persons the thorax is slightly asymmetrical and the 
two sides of the chest expand unequally duimg inspiration Of course, 
m these cases the costal margins reveal similai inequalities m their 
excursion since they are an integral part of the thoiax and of necessity 
share m its moiements 

Lateral flexion of the thorax during deej 5 inspiration may cause 
marked inequality m the movement of the costal margins The move- 

3 Hooier C F Diagnostic Significance of Inspiratorj j\fovements of the 
Costal r^largins, Am J M Sc 159 633 (Mas) 1920 
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ment of the costal maigin on the ilexcd side js limited oi nu\ c\cn be 
inwaid, while theie is a heaving motion of the opposite side, and its 
inaigin flares in an exaggciated mannei 

Even without a change of postuie, ccitain patients exhibit maiked 
vaiiations in the diiection and extent of the maiginal motions m the 
course of a single examination Some peisons have such contiol o\ci 
the muscles of the thoiax that they can vaiy the type of lespiration and 
the extent and diiection of then maigmal motion almost at will It is 
impoitant to keep in mind these diflfeiences in the costal exclusion in 
health, because they aie leadil}'- confused with similai inequalities due 
to disease 

Theie is a definite i elation between the exclusion of the costal mai- 
giiis and the type of lespiiation In oidei bettei to undei stand this 
1 elation, we instiucted the subjects m this gioup to use the difterent Upes 



Fig 1 — A, healthy subject, abdominal inspiration Respiration is conducted 
by the piston-hke excursion of the diaphragm and the costal margins are prac- 
tically stationary B, lower thoracic inspiration The thorax as a w'hole is not 
elevated and the costal margins move outivard C, upper thoracic inspiration 
The thorax is eleiated as a unit and the costal margins mo\e upward and inward 

of bieathing It was noted that on pinely abdominal inspnation (fig 
1, A) the costal margins aie piacticall} stationaiy On abdommo- 
thoiacic bieathing, the outwaid excuision of the costal maigms inci eases 
propoitionately with the pai ticipation of the thoracic element, and is 
gieatest when the lespiiation is puiely thoracic 

The two types of thoiacic lespuation. lowei and uppei, influence the 
diiection in which the costal maigins move On lowei thoiacic inspira- 
tion, the thoiax as a wdiole is not elevated and the costal inaigins ino\e 
outwaid (fig 1, E) , on uppei thoracic inspnation the thoiax is ele\ated 
as a unit by the accessoiy lespnatoiy muscles of the neck, shoulder 
giidle and uppei pait of the thoiax, and the costal maigms move upwaid 
andmwaid(fig 1 C) When the inspnation is paith uppei and parth 
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lower thoracic, the inner portion of tlie costal margin ma} move inward, 
vhile the outer portion may move outward In other words, with 
thoiacic bieathing, the extent of the excursion of the costal margins 
depends on the depth of the lespirator}^ effort, hut the direction of their 
mo\ement is governed by the type of respiration This holds true 
whether the peison is sitting, standing or supine 

With the aid of the fluoroscope, tracings Avere made of the outline 
and position of the diaphragm on lower and on upper thoracic inspiration 
in the same subject at the same sitting (fig 2) When compared, the 
tracings showed no significant diffeiences, demonstrating thereby that 
the observed variations in the direction of the costal movements were not 



Fig 2 — Composite diagram The unbroken line represents the outline of the 
diaphragm on lover thoracic inspiration, the dotted line, on upper thoracic inspi- 
ration, as determined b% fluoroscopic examination The contour of the lines and 
their relatne positions may larv somewhat in different persons but not markedly 

due to changes m the position and contour of the diaphragm In brief, 
nonnal persons, b} controlling the t}pe of lespiration, can reproduce at 
w ill the phenomena v Inch, according to Hoover, should indicate definite 
pathologic conditions above or below the diaphragm 

EXCURSION or THE COSTAL M \RGINS IN DISEASE 

With the foregoing obsen^ations m mind, we studied a group of dis- 
eases uhich either modify the excursion of the costal margin or effect 
changes in the position, contour and tonicity of the diaphragm The 
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conditions studied coinpiised pleural effusions, pleuritic adhesions, pneu- 
mothorax, phremcotomy, bronchial asthma, caidiac decompensation and 
ascites 

The same method of examination was adojited as in the healthy 
series, piovided the condition of the patient peimitted In a few 
instances, only a single obseivation was made , in the others, the obseiva- 
tions were repeatedly checked over a peiiod of weeks or months 
Plemal Effusions — The relation between the costal exclusion and 
the depression of the diaphiagm was studied in twenty-five patients vith 
all degrees of effusion into the thorax, fiom small amounts to massive 
collections completely filling the affected side The patients in most 
instances were kept under obseivation until the effusions had spon- 
taneously absoibed, which peimitted us to study the behavioi of the 
costal margins with the diaphiagm at widely different levels 

In twenty instances, including some of the laiger effusions, no 
inward movement of the costal bolder on inspiration could be obseived 
at any time In the remaining five patients with massive effusions 
causing maiked dyspnea, we detected an inward insjDiiatoiy movement 
of the costal border on the affected side On inspiration, these patients 
flexed the thoiax toward the diseased side to peimit freer expansion 
of the healthy lung, when the dyspnea was relieved by the lemoval of 
a large amount of the fluid, the lateial flexion and the inward motion 
of the costal border piomptly disappeaied This inwaid movement of 
the costal margin cannot reasonably be attiibuted to depiession of the 
diaphragm, because, as pieviously noted, a similai movement of the 
margin occurs in healthy peisons when the thoiax is flexed 

It is conceded that a depression of the diaphragm by pleural effusion 
IS often accompanied by modification of the costal excursion, but it is 
doubtful if the modification is caused by the alleged mastery gained 
by the flattened diaphiagm over the antagonistic pull of the intei costal 
muscles The wall of the chest is shoved outward to make loom foi 
the effusion just as the diaphragm is forced downwaid and the 
mediastinum is pushed inward The costal bordei, being already held 
expanded by the fluid, is unable to lespond m a normal manner to the 
outward impulse of inspiiation and its movement is natuially modified 
Flattening of the Diaphiagm Due to Costophiemc Adhesions — In 
twenty-foui cases we observed pleuritic adhesions between the 
diaphragm and the iibs, obliterating the costophrenic sinus (fig 3, A 
and B) These localized adhesions caused various degrees of flattening 
of the diaphiagm depending on their level They diminished the 
diaplii agmatic exclusion, but so far as we could tell, did not interfere 
with Its “activation” The lung above the flattened diaphragm was 
free from disease, or practically so in most of the cases so that any 
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deMation of marginal motion could be attributed soleh* to change of 
contour of the diaphragm This flattemng of the diaphragm had no 
influence on the costal excursion on the affected side of tne 
chest dunng quiet breathing On deep breathing no change nas noted 
in approximately half of the cases in the remaming cases, the flare 
of the affected costal margin was restrained to a greater or less extent 
Yet in no instance did the costal margin move inward on inspirauon 
except vhen there was a lateral swa}* of the thorax In other words, 
tlie loss of convexit}* of the diaphragm even to the point of flattening, 
failed to give the diaphragm masteiv' over the intercostals as Hooier 
contended 

Pneumothorax — ^The costal margins were studied in twentj'-seven 
patients - m v horn the affected lung had been parti}- or completely 



Fig 3 — Comparison of the lei els of the right and left diaphragmatic leaies 
on lA') deep and (Sj quiet inspiration shovs the right diaphragmatic leaf 
flattened and its motion greath limited 

collapsed b} artificial pneumothorax (fig A) In some, the diaphragm 
as observed by the fluoroscope retained its normal convexiU' others 
shoved ever} -variation from this normal curve to absolute flattening 
and complete loss of its arch In most instances the motion of the 
affected side, including its costal margin, was restricted vhile the direc- 
tion of the mo\ ement conformed to that observ ed in the healthy subject 
In the abdominal t}pe of breathing the costal margin did not mo-ve 
in the lower costal t}'pe it mo^ed outward in the upper costal ripe 
of breathing it moved upvard and imvard It vas not observed that 
the p-escnce or absence of diaphragmatic convexiri influenced the direc- 
tion of the marginal motion 

^ Mam of these patients -were seen through the courtes 3 of the staff of the 
United States Veterans’ Hosphal Tupp^- Lahe X Y 
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Pcualysis of One Leaf of the Dtapln agni — There \\ere six patients 
observed in whom a phremcotom> had been performed On the side on 
which opeiation was performed, the diaphragm was parahzed and 
assumed a position of extreme conve\it> m the thorax According to 
Hoovei, this should place the diaphragm at a gieat disadvantage, and the 
complete control of the intercostals should lie i effected m a marked 
mciease m the outward movement of the costal border on the affected 
side Lemon" w^as unable to discover an}' change in the movements of 
the thorax m dogs after phrenic neurectomy AleKav ^ observed the 
excursion of the costal margin pievious to and after phrenicotomy m 
twenty patients w'lth pulmonary tuberculosis and did not note any change 
in its excursion following the opeiation The cases obseiv'ed by us hke- 



Fig 4 — Artificial pneumothorax The left diaphragmatic leaf is greatlj 
depressed and flattened, yet the left costal margin moved normally outward on 
inspiration 

wise did not show any change in the movement of the costal margin 
following operation 

Asthma — A senes of observ'ations was made on twelve patients 
suffeimg from periodic attacks of asthma While they were free from 
spasm of the bronchi, their breathing w'as normal, of the low'er costal 
type, and the excursion of the costal margin w'as outward Tracings 
were made of the diaphragm during this time When bronchial spasm 

5 Lemon, Wilhs S The Physiologic Effect of Phrenic Neurectomy, Arch 
Surg 14 345 (Jan ) 1927 

6 McKay', Ray mond C , Clev eland City Hospital, Clev eland, personal com- 
munication to tliL authors 


194 


ARCHIVES OF INTERNAL MEDICINE 


recurred to a degree producing urgent d3"spnea, the breathing was 
changed to the upper costal type and the costal margins moved upward 
and mvard Tracings vere made of the position and movements of 
the diaphragm during this time, and were compared with those made 
while lover costal breathing was being earned on (fig 5) The differ- 
ence m the position or contour of the diaphragm m the tvo types of 
breathing v as negligible and inconstant 

The study of the costal excursion and the position and contour of 
the diaphragm in asthmatic patients during and after an attack of 
bronchial spasm demonstrates unmistakably that the direction of mar- 
gmal motion is not due to an alteration in the contour of the diaphragm. 



Fig 5 — Asthma The dotted line represents the position and contour of the 
diaphragm during an attack oi bronchial spasm , the unbroken line, after the attack 
had subsided. 

but to the change in the t}pe of breathing necessitated by the respiratory 
demands 

Konpulmonai y Conditions — ^\Ve made observations in a number of 
patients vith dtspnea resulting from cardiac decompensation While 
the patient vas free from dyspnea lover costal breathing with the 
attendant outv-ard motement of the costal margin was seen When 
the dyspnea was urgent the breathing changed became upper costal 
in type and the costal margins moved up and m Fluoroscopic inspec- 
tion of the diaphragm during both periods did not show any demon- 
strable change in its contour or position 

We observed the marginal motion in a fev patients vuth extra- 
thoracic disease vith dispnea including ascites and uremia and found 
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that the extent and the direction of the costal movement is detei mined 
by the type of lespiiation at the moment of obseivalion 

CONCLUSIONS 

In oui expel lence, the extent and direction of the exclusion of the 
costal margin beai little if any relation to the position or contoiii of 
the diaphragm The extent of the excuision of the costal maigins 
depends on the depth of the lespiratoiy effoit, but the diiection of then 
movement is governed by the type of lespiration Then movements may 
vary from time to tune in the same patient, whether the disease is 
thoiacic or extrathoi acic, and can be reproduced at will by healthy sub- 
jects We aie foiced to conclude that the modifications of the maiginal 
motions which have come to be called “Hoovei’s sign” aie not leliable 
guides to underlying pathologic conditions 



OCHRONOSIS 

REPORT or A CASE OF CARBOLOCHRONOSIS 
S E GOLDBERG, MD 

DETROIT 

Up to the piesent time there have been few lepoits m the English 
literature on the subject of ochronosis The teim ochronosis (Greek, 
pale yellow) was applied by Virchow,^ in 1866, to the pigmentation of 
caitilages and cai tilage-hke tissues found at autopsy in a man, aged 67, 
who died of an aneurysm of the ascending aorta Fine microscopic sec- 
tions showed the pigment to be yellowish (ochie colored), but grossly 
the pigmentation was blackish Indeed, the “nb caitilages, pelvic syn- 
chondrosis, and the inteiveitebral disks were so black that they appeared 
as if they had been dipped into ordinal y ink” Since Vii chow’s time, 
fifty-one cases have been leported 

Albrecht- (1902) first suggested the lelationship of ochronosis to 
alkaptonuiia Oslei ^ (1904), howe\er, was the first to recognize the 
condition clinically, he lepoited two cases of ochronosis with alkap- 
tonuria which occurred m brotheis The clinical diagnosis was made 
because of the deep pigmentation of the cartilages of the ears and of 
the sclerotics in both and, in addition, in one of the brothers, of a 
lemaikable ebony black discoloiation of the skin of the nose and the 
cheeks 

In 1906, Pick^ in Geimany and Pope® in England each desciibed 
a case of ochronosis which in each instance occuired in a patient who 
had applied wet diessings containing small amounts of caibolic acid to 
chronic ulcers of the leg continually ovei a period of many years The 
pathogenesis of this disease was not discussed by Pope but was first 
pointed out by Pick, who recognized an exogenous form of ochronosis 
due to the introduction of phenol into the body, and an endogenous foim 
occurring in patients with alkaptonnna Pick also showed the pigment 

■* Submitted for publication. Sept 27, 1928 

From the Department of Pathology of the Krankenhaus-im-Friednchschain, 
Berlin Prof Ludwig Pick, Director 

1 Virchow’, R Em Fall \on allgemeiner Ochronose der Knorpel und 
kiiorpelaehnlichen Teile \'irchows Arch f path Anat 37 212, 1866 

2 Mbrccht, H Ueber Ochronose, Ztschr f Heilk 23 366, 1902, Zdarek, 
E Ueber den chemischen Befund bci Ochronose der Knorpel, ibid 23 379, 1902 

3 Osier W Ochronosis The Pigmentation of Cartilages, Sclerotics, and 
Skill in Alkaptonuria, Lancet 1 10, 1904 

4 Pick L Ueber die Ochronose, Berl klin Wchnschr , April and Maj’, 
1906, \ols 16 to 19 incl 

5 Pope, F kl A Case of Ochronosis, Lancet 1 24, 1906 
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to be closely lelated to melanin, although it dilieied from melanin in 
its chemical piopeities m a few minoi details In alkaptoniiiic ochio- 
nosis, the pigment lesiilts fiom the hydiox}lated substances of the 
aromatic senes (tviosme and phenylalanine) undei the influence of 
•oxydative feiments (tyiosmase) , in carbolochionosis, the pigment 
results fiom the h}dioxylated benzol deiivatues, hydrochinon and 
pyrocatechin In alkaptonuiia, theie is a checking of the noimal jnotein 
metabolism at an mtei mediate stage Unlike the normal peison, the 
alkaptonuric patient cannot bum the homogentisic acid (alkapton bod}) 
formed out of tyiosme and phenylalanine and therefoie partly secietes 
it as such in the uiine and partly stoies it in ceitain of the body tissues 
in which it gives use to the ochronotic pigment In exogenous ochio- 
nosis, the pigment is the same, though it aiises fiom h}diochinon 

In addition to the occuiience of the ochronotic pigment piimarily in 
the cartilages and the caitilaginous tissues. Pick showed that the pigment 
might be deposited diffusely in the loose connective tissues, eg, in the 
adventitia of the blood vessels, in the coiium of the skin and in the 
smooth and striated muscles, as well as in the epithelial paiench}ma of 
the kidney He also laised the question of a thud foim of ochionosis, 
that associated with melanuiia Oppenheimei and Kline® repoited a 
ease which they believed falls into this category This gioup is not 
sharply set off and piobably includes a numbei of instances of alkap- 
tonuiic ochionosis 

The total of fifty-one cases may then be divided into thiee gioups 
the endogenous form which is congenital, the exogenous foim due to the 
inti oduction of phenol into the body and the melanotic foim of unknown 
origin In eveiy case of carbolochionosis lecognized up to the piesent 
time, theie has been a histoiy of long continued application of phenol 
as an antiseptic diessing to ulceis on the leg Since phenol is used in 
vaiious ways m industiy, it would be theoietically possible also to ha\e 
caibolochionosis lesult fiom industiial poisoning, although good piotec- 
tive methods could pi obably guai d against such an occui i ence As the era 
of the populai use of caibolic acid as an antiseptic is past, carbolochio- 
iiosis may be said to be a dying disease I am theiefoie leporting another 
case 111 which autopsy was peifoimed and which has been studied espe- 
cially fiom the point of view of the caitilaginous changes Ella PI 
Fishbeig,’’ who caiefully tieated the subject of carbolochionosis in 1924. 
collected lepoits of eleven cases in the woild’s liteiatuie The follow- 
ing case will be the twelfth In eight of these tweh e cases, postmoi tern 
examinations weie made, in foui of the eight by Professoi Pick 

6 Oppenheimer, B S , and Kline, B S Ochronosis, Arch Int Med 29 732 
fjuue) 1922 

7 Fishberg, Ella H Ueber die Carbolochronose, Virchows Arch f path 
Anat 251 376, 1924 
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REPORT OF CASE 

Htstoi V — M , a woman, aged 63, unmarried, formerh a cook, was admitted 
to the Hufeland Hospital (Dr Winter, director) on Aug 28, 1925 The parents 
had died at an advanced age Of the se\en brothers and sisters, four sisters ^^ere 
still alive In the fourth decade of life, the patient suffered for six j'ears with 
rheumatism of the joints She had one child As a result of frequent prolonged 
standing while she \\ as \\ orkmg as a cook, varices developed on both legs, and since 
the age of 32, she had had ulcers on the right leg, since her thirty-ninth jear, 
ulcers had been present on the left leg also For eleven years she was treated for 
the ulcers with zinc paste bandages, but the ulcers always broke down Then for 
a number of jears the patient treated the ulcers with applications of phenol 
solution, for just how long she could not state Finally, because of continual con- 
finement in bed, she was admitted to the hospital 

Physical Examination — The patient had a small and delicate frame, w'hich 
show'ed fair de^ elopment and nutrition The skin and mucosae were generally pale 
Edema or exanthems w'ere not present On both ears over the cartilages, there 
was a striking bluish-graj coloration, which shimmered through when looked at 
from the inner surface On each eye, there were two bluish-black spots beside the 
corneas The organs of the neck and throat showed nothing of importance The 
cardiac borders were not widened A systolic murmur was heard all over the 
precordmm, most prominently over the apex The pulse rate was from 84 to 88, 
and the rhjthm was regular except for an occasional extrasystole Percussion of 
the lungs was every wdiere resonant, but a few medium coarse moist rales were 
heard over the bases The abdomen was soft and flabby and was not tender to 
palpation The liver and spleen were not enlarged or tender to palpation Exam- 
ination of the urine gave negative results The upper extremities showed nothing 
of importance On both legs, extending from about one and one-half hand 
breadths below the patella down to the ankles, were ulcers which embraced the 
circumference of the extremities but which showed fair granulation The neuro- 
logic examination gave negative results 

Cow sc — Two years later the patient was ill for several weeks, having a slight 
lever and paratvphosis B bacilli in the stool Examination of the portio uteri at 
this time showed a crater-hke carcinomatous ulcer, and the uterus was immovable 
The patient was discharged on June 30, 1927 

She reentered the hospital a short time later in a marasmic state, and died on 
Sept 10, 1927, aged 65 

Autopsy (Professor Pick) — ^Autopsy was performed on Sept 10, 1927 The 
bod} was that of a small woman of weak bodily frame General anasarca was 
present, the edema being quite marked in the arms and legs The auricles of the 
ears showed a striking bluish-gray coloration, which was especially prominent 
in the conchae Near the cornea of each eye were two bluish-black spots, resem- 
bling parentheses The skin of the face and elsewhere and the visible mucous 
membranes showed pallor but no pigmentations On both legs, extending from the 
middle downward to the ankles and embracing the entire circumference, were 
ulcers having irregular outlines with firm, stiff borders and smooth reddened bases 
\\ hen the outer solt tissue of the thorax vv as remov ed, the entire cartilaginous 
tissue of the thorax was seen to appear bluish and to shimmer, tins appeared in 
sharp contrast to the reddish ossified ribs Ascites were not present The right 
diaphragmatic leaf reached to the level of the fourth rib, the left to the level of 
the fifth rib In the small pelvis, a hard mass surrounded the firmly vvalled-in 
uterus Both lungs were fixed by numerous flat adhesions Effusion was not 



GOLDBERG— OCHROXOSI 9 


199 


found m the pleural or pericardial sacs The heart was of normil sire, the 
chambers were not dilated, the mitral and aortic aal\cs were firm and fibrous 
and showed light atheiosclerotic spots The musculature was firm and without 
special significance The sinuses of Valsalva were markcdh widened At the 
beginning of the aorta ascendens w'erc calcified plaquelike deposits The coronarv 
arteries were firm and wade and showed 3 'cIIowish internal surfaces Nowhere on 
the valves, chordae tendinae, or on the intima of the ascending aorta were there 
pigmentations The left lung was large and heavj'-, in places having a lessened 
air content On section it w'as rich m blood and foam} In the lower lobe 
posteriorly in a localized area, there was no air , a cloudy fluid exuded on pressure 
The bronchial mucosa was reddened In the mam bronchus and its larger branches, 
there was no evident staining of the cartilage rings The general condition of the 
right lung was the same as that of the left Here, also, in the lower lobe and 
anteriorly in the upper and middle lobes were atelectatic areas, wdiich on pressure 
exuded a cloudy fluid The cartilages of the mam bronchus and its branches 
resembled that of the left, and these were also free from pigmentation The 
pharynx, palates, palatine tonsils, tongue, larvnx and esophagus w’cre normal 
The thyroid was large, and the middle lobe was well developed The th}roid 
cartilage showed a striking grayish-blue coloration, as did also the cartilage rings 
of the trachea 

The spleen was of the usual size and was flabby and slightly firm On section, 
it was brownish red, moist and smooth, and the trabeculae were evudent The 
suprarenals did not show anything of importance The pelvic organs were removed 
with the ureters and kidneys The urinary bladder show'ed a slight mucosal injec- 
tion at the base The mouth of the ureters was patent In the trigone, the l}mph 
follicles were evident The middle and the upper third of the v^agina, the cervix 
and the corpus uteri up to the fundus were fully replaced by opaque, grayish- 
yellow, putrid, disintegrating masses of tumor tissue In the remaining preserved 
yellowish portion of the fundus, the muscle wall was 1 cm thick and contained 
firm blood vessels The mucosa showed fresh hemorrhage Wide flat adhesions 
covered the fundus uteri, the space of Douglas and the appendages Both tubes 
were closed, club-shaped, distended wuth fluid and flabby and were about the 
thickness of the small finger The right ovary was about as large as an almond 
and densely firm The left was even smaller The rectal mucosa was slightly 
edematous but otherwise free The left ureter was not especially widened, and 
its mucosa w^as pale The left kidney measured 12 5 by 6 by 3 cm and was flabbv 
in appearance The kidney pelvis was extraordinaril} widened, having a number 
of small concrements ranging in size up to that of lentils and having a pale 
mucosa The parenchyma was yellowish, and the markings were poorly seen 
The right ureter was as thick as a finger, its mucosa was like that of the left 
The right kidney measured 10 5 by 5 by 2 5 cm Here the pelvis was also greatl} 
dilated and had a pale mucosa The cortex was narrow and had poor markings 
The stomach showed old scars in the middle of the small curvature, its mucosa 
was otherwise free The extent of the ligamentum hepatoduodenalc was tree The 
liver measured 25 by 17 by 5 cm and was flabby but somewhat firm, the lobules 
were large and had sunken centers which were i eddish while their peripheries were 
yellowish The pancreas and the intestines were free 

The aortic and thoracic aorta showed numerous sclerotic spots and calcified 
plaques The plaques in the arch were surrounded by areas of grayish coloration , 
the abdominal aorta was like the thoracic aorta but without visible areas ot 
pigmentation 
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The pia mater and its blood \essels at the base of the brain \\ere delicate The 
brain was pale and slighth moist In the right lenticular nucleus was an elongated 
area ot softening about twice the size of a hemp seed The \ertebral column was 
remo^ed and after being sawn through the middle, did not show' striking 
pigmentation 

Anatomic Diagnosis — The condition w'as diagnosed as disintegrating carcinoma 
of the lagina, cervix and fundus uteri and bilateral hjdrosalpinx Old adhesions 
of the uterus and its adnexae, widening of the ureters and bilateral hj dronephrotic 
kidnejs, fibrosis and atherosclerosis of the mitral and aortic ^alves, widening of 
the sinuses of ^’alsal\a, numerous old pleural adhesions, hyperemia and edema of 
the lungs, hjperemia of the bronchial mucosa, bronchopneumonia of the left lower 
lobe and of all the lobes of the right lung, atherosclerosis and calcification of the 
aorta, a small area of softening in the right lenticular nucleus, old scars of the 
mucosa of the stomach, slight edema of the rectal mucosa, general anasarca and 
large circular callous ulcers of both legs were found 

Ochronosis of the cartilage of the ears and ribs, the thjroid cartilage, cartilage 
rings of the trachea and the mam bronchi and ochronotic spots in both sclerae and 
about the calcified deposits in the intima of the aortic arch were also found 

The bonj and cartilaginous tissues that were remo\ed w'ere then studied more 
minuteh 

(1) Sternum, Cartilaginous and Bon} Parts The generally bluish shade of the 
cartilage of the ribs became changed to a dark graj after remo\al of the peri- 
chondrium On this dark graj background, there appeared a great number of 
small dark brown spots which increased in size up to that of a lentil and 
which in many instances also became confluent Under the surface and toward 
the depth the cartilage w’as pigmented in all directions and w'as diffuselj grajish 
brown to brown 

(2) Larjnx and Respirator} Passage (fig 1) The th}roid cartilages, corered 
with perichondrium, showed a blue shimmer On section (see left thrroid car- 
tilage in figure 1) they were browm The cartilage rings of the trachea, freed of 
pencliondnum, showed a pla^ of \arious colors In part the} were brownish 
}ellow to rellow, in part light to dark brown with irregular arrangement of tins 
shade On cross-section also, the dark brown predominated 

(3) Joints (a) Shoulder joints The heads of both humeri were smoky gray 
and showed a somewhat darker shade onh toward the border of the surface of the 
joint In about the middle of the head of each joint there was a smaller collection 
ot irregular spots The cartilage itself was smooth The surface of the joints 
on both shoulder blades w'as graMsh brown, in the center there was speckling of 
dark brown spots about twice the size of a lentil, while toward the border of the 
under surface of the joint there was gra} ish-brow n pigmentation The brownish 
color was well seen on cross-section at the point of attachment of the tendons 
The cartilage and the intercartilagmous substance of the sternoclaMCular joint were 
light brown The cartilage eleswhere was without change (b) Hip joints The 
cartilage of the heads of the lemurs was dark gra}ish-brown, especial!} about the 
attachment ot the hgamentum teres, where the spotting was darker bluish and 
in places gra}ish black, particular!} about the cartilage border In general the 
cartilages were smooth, but here and there the} had a slight superficial rawness, 
especial!} about the point ot attachment of the right hgamentum teres, but not 
about that of the left side (c) Knee joints Both kmee joints showed a diffuse 
brownish shade oi the cartilage and dark gra^ spotting on the menisci and the 
cruciate ligaments The latter were spotted brownish on cross-section On the 
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cartilage of the knee joint a darker spotting on the brownish substratum was 
present in places The cartilage e\er 3 'where was smooth 

For the microscopic examination of the cartilage, onh tliosc specimens could 
be used in which frozen sections could be made wnthout prc\ lous decalcification in 
nitric acid, since the nitric acid lends a diffuse jcllowish tone to the tissue In 
this way the examinations were carried out on flat little disks rcmosed from the 
heads of the femurs and on little pieces of cartilage from the car The intaclncss 
of the cartilage and also of the giound substance w’as seen microscopicallj The 
ground substance was pigmented with lighter intensitj, sarying in color from 
yellowish to brownish Granular pigmentation w^as not found 

Treatment of the sections with 2 per cent silver nitrate solution for three da>s 
caused a darker browning, tieatinent for four daj^s w'lth 3 per cent hj'drogcn 
peroxide solution removed the color from the sections completch’’ One of the 
darker spots of the sclera was also investigated, and here also the staining of the 
bundles in the sclera was diffusely light brownish yellow, wnthout deposition ot 
the granular pigment 

The new giowth in the uterus was shown to be a simple carcinoma 
The chemical examination (Dr Brahn) w'as so carried out that the broken up 
pieces of stained cartilage from the rib weie first treated with 5 per cent cold sodium 
hydroxide solution to extract the pigment The staining material did not go into 
solution The sodium hydroxide solution was then strengthened to 10 per cent and 
the mixture warmed for a considerable time on the w'ater bath, centrifugahzcd, 
and after dilution wuth water, filtered The filtrate w'as precipitated with concen- 
trated sulphuric acid, giving a faint j'ellowish-brow n deposit 

CLINICAL FEATURES 

Alkaptonuria is an endogenous disease occuiiing in families in which 
there has been inbreeding, particularly when the parents aie cousins 
(Umber and Buerger®) Alkaptonuiic ochronosis occurs most fre- 
quently in persons m the fifties, although cases haAe been reported m 
patients of 23, 30 and 31 years of age 

The clinical diagnosis is made on the piesence of pigmentation of the 
skin, urinary manifestations and the histoiy In alkaptonuiic ochronosis, 
the examination of the urine confirms the diagnosis In carbolochro- 
nosis, there is a history of long-continued use of caibolic acid washes 
or dressings In ochronosis of both groups the external pigmentation 
may be found in the skin of the face, axillae, hands, the scleiae, the 
mucosa of the lips and the cartilages of the nose, eyelids and eais The 
sweat and cerumen may be stained brownish to blackish The pigmen- 
tation of the face is usually described as )^elIowish blown and that of the 
auricles light gray brown to dark blue Each cornea may be embiaced 
on either side by a group of thickly set, bluish-black, sharply demarcated 
spots, in form sugggestmg parentheses The cartilages may be stained 
3 '^ellowish brown to grayish blue, and e^en as black as coal, eboii}’’ wood 
01 ink In caibolochionosis, the cartilages are apt to be less intenseh 

8 Umber and Buerger, M Alkaptonurie nut Ochronose und Ostco- A.rthrit!S 
deformans, Z 3 ^stinune, Deutsche med Wchnschr 39 2337, 1933 
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stained In general the pigment of carbolochronosis is less intense than 
that of the endogenous form, as is to be expected, since the endogenous 
form exists through the whole lifetime, whereas the exogenous form is 
the result of an action occurring a number of years and usually beginning 
in midlife 

The urine may be dark when it is voided or may become dark after 
a varying period of exposure to the air Copper solutions are some- 
times reduced In alkaptonuria the alkapton body may be detected, 
while phenol and phenol derivatives have been found in the urine m some 
cases of carbolochronosis Pick stated that in cases of ochronosis in 
which the condition is more oi less limited to the internal tissues, the 
finding of ochronotic casts in the urine should establish the diagnosis 
In addition, changes in the joints and the constant finding of cardio- 
\ascular lesions have been associated with ochronosis In alkaptonuric 
ochronosis, destiuctive changes in the larger joints and spine are fre- 
quently present, particulaily aithritis deformans, while in carbolochro- 
nosis, changes in the joints have been described but are less constant 
and seldom severe In the foimer type of ochronosis, the condition 
usually begins to develop in the joints of patients in the forties, while 
in the latter type, most patients first begin the use of phenol appplica- 
tions in the forties This may be the reason for the lesser frequency of 
arthritic changes in carbolochi onosis Kolaczek ® reported the occur- 
rence of ochronotic nodes on the tendons of the foot 

The constant association of arteriosclerosis with the frequent occur- 
rence of endocarditis has been mentioned by most writers and would 
seem to be more than a mere chance relationship 

The cessation of the intioduction of phenol into the body may lessen 
the intensity of the external pigmentation (Poulsen,’-® Fishberg), 
lighten the color of the urine and effect an improvement in the "carbol 
marasmus ” On the other hand, Gross and Allard regarded the alkap- 
tonuric ochronosis as “an advancing incurable suffering which, if suf- 
ficiently intense and of long enough duration, leads to a marked injury 
in health ” 

Examination of the blood may reveal the presence of homogentisic 
acid, tyrosine, tyrosinase or phenylalanine 

PATHOLOGIC FEATURES 

Besides the pigmentation of the skin and the cartilages, the pigment 
may also be found m the connective tissues (intervertebral disks, 
synchondrosal menisci, ligaments and tendons), m the intima of the 

9 Kolaczek, H Ueber Ochronose, Beitr z khn Chir 71 254, 1910 
10 Poulsen, V Ueber Ochronose bei Menschen und Tieren, Beitr z path 
Anat u z allgr Path 48 437, 1910 
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aoita, in smooth, striated as well as in caidiac muscle and m the epithelial 
cells, either as a diftiise or as a granulai deposit 

Skm — A brownish yellow pigment is deposited in the stratum 
gerininativum of the skin epithelium 

Scleia — Theie is a difieience of opinion among vaiious authois as 
to whether the pigment is collected in the oculai connective tissue oi in 
the scleia My obseivations have shown that the pigment is in the scleia 

Caihlages — The thyioid, cricoid, tiacheal and bronchial cartilages as 
well as those of the eais, nose, e3'elids, iibs and joints are effected In 
unstained microscopic sections of caitilage fiom the iibs, the pigment is 
yellowish, diffuse oi gianular and is most intensely deposited immediately 
beneath the perichondiium and little in the cential caitilage Because the 
most concentiated deposits of pigment take place at the locations in wdiich 
the caitilage is most closely boideied b}^ the blood vessels oi immediatel) 
beneath the perichondiium. Pick has foimulated his “basic law^ foi 
ochionosis pigmentation” in explanation of this distiibution 

Connective Tissues — The patellar ligament may show smoky gray 
to brownish giay pigmentation, while the intei vei tebi al disks and liga- 
ments, as well as other tendons and connective tissues, mav also show’- 
the deposition of pigment 

Vasculai System — Changes in the vascular system ha\ e been present 
in all the repoi ted cases that have come to autopsy Besides the pi esence 
of arteiioscleiosis, which may be asciibed in pait to the age of the 
patients, endocarditis w’as piesent in a number of cases In one instance 
Pick found blackish pigmentation on the valves of the heait, diffuse 
biownish giay and giayish black pigmentation m the intima of the aorta 
and iliac aiteries, blackish collections of pigment about the calcium 
plaques and blackish streaks in the smooth places Kolaczek spoke of the 
condition of the heait and blood vessels as an index to the seventv of 
the ochronosis, and since Viichow’-’s time it has been lepeatedly confirmed 
that the ochronotic pigment binds itself on to the arteriosclerotic lesions 
in the heart and blood vessels 

Kidneys — Pick described various changes in the kidneys diffuse 
yellowish blown shades of the epithelial parenchyma, tiny cysts wduch 
correspond mainl}'- to segments of urinary canalicuh wnth blackish or 
colorless content , ochronotic infarcts of the pyramids , coal-black, hard 
ochronotic concrements in the pelvis, and ochronotic casts filling the 
tubuli recti, appearing hyaline or granular and staining light bluish with 
hemalum Allard and Gross also desciibed black ochronotic concre- 
ments in the kidney pehis 

11 Allard, E, and Gross, O Untersuchungen ueber Alkaptonune, Ztschr, 
f kill! Med 64 359, 1907 
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Joints — The aithiitic changes are vaued and chionic, being vanouslv 
designated as chronic aithiitis, aithiitis iilceiosa sicca, arthritis adhaesiva 
anlcjdopoetica and aithritis defoimans Benecke called attention to “the 
t}pical dr} destuiction of the degenerating joint caitilages ” He char- 
acterized the splmteiing up of caitilage into little spearlike pieces as 
peculiar to chronic arthritis of alkaptonuric ochionosis, stating that it 
does not occur in othei forms of arthritis Aithritic changes, however 
have been reported in cai bolochi onosis also, but thus far these changes 
have not been of an extieme type The changes in the joints in ochro- 
nosis have been likened to those of gout, homogentisic acid being 
deposited in the joints in the one case and uric acid in the other 

Kolaczek showed that the places in the cartilages that stained most 
intensely weie likewise the most severely damaged Landois,^^ Allard 
and Gloss and Kolaczek legaided the deposition of the staining material 
in the caitilages as the etiologic factoi foi the arthiitis Fishberg called 
attention to the fact that the arthritis does not depend on the ochronosis 
but lathei on the homogentisic acid or the hydioxylated phenol deiivative 

The arthiitic and athei osclei otic changes and those in the tendons 
ma} theiefore all be connected to the homogentisic acid circulating in 
the blood According to Pick, the ochronotic pigment has especial attrac- 
tion for caitilage in the stage of legiessive metamorphosis as it gen- 
eially has for othei legiessively changed tissue and for vitally weakened 
cells or for degeneiating intei cellular substance The accumulating pig- 
ment then inci eases the injury to the tissue, thus setting up a vicious 
ciicle 

MICROCHEMICAL REACTIONS 

Pick filst accentuated the lelationship of the pigment to melanin and 
showed the two pigments to difter only in a few minor details The 
ochionotic pigment is soluble in alkali and insoluble in chloroform, 
piedominantly, it has the chaiacteiistics of an acid but is amphoteric to a 
degree, since it is also slightly soluble m hydiochlonc acid Like 
melanin, microscopically it does not contain non, like certain melanins, 
it does not contain sulphur Microscopic sections stained with sudan 
and osmic acid give negative leactions The pigment bleaches aftei 
piolonged soaking in hydrogen pei oxide and blackens with certain silver 
methods especially u ell with the method of Bielschowslvj^ 

PH\ SIOLOGIC FEATURES 

Katsch sho^^ ed that a sei les of colors could be produced by various 
degrees of oxidation of homogentisic acid (by hjdiogen pei oxide) — 

12 Landois, F Zur Kenntniss der Ochronose, Virchows Arch f path Anat 
193 275, 1908 

13 Kat-^ch, G 1st cm rerment defekt Ursachc der alkaptonur schen Stoff- 
wccliselstoerung' Khn Wchnschr 5 1994, 1926 
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straw yellow, pink, red, blown and black Phenylalanine and tyrosine 
(von Furth have special capacity as coloi buildeis Katsch expressed 
the belief that various colors can be similarly pioduced by the action of 
tyrosinase on t}'iosine and homogentisic acid in the body On this basis. 
Pick gave his explanation of the genesis and peculiar distribution of the 
ochronosis In the genesis of the carbolochronosis, hydrochinon and 
pyrocatechin are substituted for tyrosine and homogentisic acid in the 
alkaptonuric ochronosis The special affinity of the degenerating, and 
especially of the sclerotic, tissues for the ochronosis pigment may be 
explained as due to the limited metabolism and sparse oxidation in these 
places 

SUMMARY 

A case of endogenous ochronosis due to long continued application of 
wet phenol dressings to chronic ulcers of the leg is reported Special 
reference is made to the pathologic changes in the bones and cartilages. 
The various clinical and laboratory features of the different types of 
ochionosis aie enumerated and briefly discussed 

300 Rowena Street 

14 Von Furth, O Ph>siologische und chemische Untersuchungen ueber 
melanotische Pigmente, Centralbl f path Anat u z allg Path 15 617, 1904 
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I THE CONDUCT OF THE ADDICT IN RELATION TO 
INVESTIGATIVE STUDY 

ARTHUR B LIGHT, MD 

AND 

EDWARD G TORRANCE, M D 

PHILADELPHIA 

The data to be presented in a series of papeis, of which this is the 
first, have been obtained from studies of persons addicted to opium 
01 its derivatives who have applied foi treatment at the Narcotic Wards 
of the Philadelphia General Hospital These waids are maintained by 
the city of Philadelphia and have no relationship to law enfoi cement 
agencies In this mtroductoiy paper, we wish to piesent oui impressions 
of the behavior of the addict foi the purpose of emphasizing the 
existence of obstacles which, if not fully appieciated, may result m 
failuie of investigative effoits A detailed leport of the psychiatric 
and ps)chologic studies ivill be published later by membeis of the staff 
in\ estigating this phase of the problem of opium addiction 

REASONS FOR SEEKING TREATMENT 

The person who piesents himself for tieatment in these wards does 
so of his own volition and for one or more of the following reasons 
He is disgusted with his slavery to the ding, he desires temporary 
lefuge fiom the police, or for financial reasons he wishes to reduce the 
amount of his daily dosage oi to obtain free maintenance for a time 
Regardless of the motive for seeking treatment, patients who apply for 
admission eithei have had an unusually large dosage (as they express 
rt, are well “shot-up”) or are manifesting early withdrawal symptoms 
In eithei e\ent, they will agiee to any sort of experimentation as long 
as it promises their immediate or earl)'- acceptance for treatment This 
apparent desire on their part to cooperate must not be taken seriously, 
as we will point out later 

RELATIONSHIP TO DRUGS 

Aftei a pel son has become firmly addicted to the use of opium or 
one of its dernatnes, ve ha^e reason to believe that the problem of 

Submitted for publication, Dec 27, 1928 

From the Narcotic Wards of the Philadelphia General Hospital 

Expenses of this research -were defrajed by the Committee on Drug Addic- 
tions, New York Cit\ The research was carried out under the guidance of the 
Philadelphia Committee for the Clinical Studj of Opium Addiction, in the wards 
of the Philadelphia General Hospital which were placed at our disposal through 
the courtesj of the Director of Public Health, City of Philadelphia 
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secuiing and maintaining an adequate supply of the drug comes to be 
the major purpose of his existence To an extraordinary degree, he 
develops a sagacity and peisistence in this direction which may out- 
match the abilities of those who are conducting the investigation 
The ingenuity that is displayed m maintaining channels of supply is 
amazing We have come to believe that practically every word which 
the addict utters and every deed which he may perform are based 
directly oi indirectly on a motive concerned with the maintenance of 
these channels of supply He will plead with or threaten those about 
him who aie in a position to supply him with the drug Whatever 
method he may use has been pieviously determined by careful considera- 
tion on his pait as to which may be the more successful 

Undoubtedly theie are some who desiie to give up the diug on 
account of disgust and give this reason in all sincerity The patients 
encountered in the waids of the Philadelphia Geneial Hospital are 
practically all from the so-called undeiwoild A considerable number 
of them have, howevei, at one time lived m better cii cumstances Not 
any of them has fallen so low as to fail to lealize that he is an outlaw 
under present conditions of the law and public opinion This realization 
togethei with the undoubted tax on their mental processes levied by the 
veiy ingenuity which these persons display is enough to bring about this 
so-called disgust with the diug This feeling, however, quickly vanishes 
when the addict is confronted with the sufreiings attendant on failure 
of supply of his drug 

GENERAL BEHAVIOR IN THE WARD 

After admission to the waid with the knowledge that the drug is 
available and will be supplied for certain lengths of time, the addict 
becomes amenable His behavior is excellent, and he desires to cooperate 
in any experiment which does not interfeie with his daily dosage This 
cooperative attitude on the part.of the addict is leal and sincere but lasts 
only as long as the effects of the drug persist, usually a matter of hours 
When the effects of the drug pass off, all the sagacity and ingenuity on 
his part are brought into play as only those who have been associated 
with this type of peison can appreciate 

Not only must the observer foi stall the schemes which the addict is 
devising to obtain the drug, but he must defeat plans, made before 
admission, for the restoration of his supply should his craving become 
unbearable He may have attempted to bring the drug into the ward 
concealed in his clothing, letters, jewelry or in any orifice of the body 
large enough to hold it Extreme caie must be taken to search the 
addict befoie admission We have found diugs concealed m the soiled 
dressings covering abscesses resulting fiom infections caused by hypo- 
dermic injections 
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Should his attempts to bring a certain quantity of the drug into the 
ward have failed, he resorts to plans devised to obtain it from friends 
outside of the hospital, or he schemes with fellow addicts who are about 
to be discharged and ho have signified their intentions to him of imme- 
diately returning to the use of the diug He will attempt to bribe any 
one who appears open to temptation Letteis will come addressed to 
him which have been written on paper previousl}’' saturated with the 
drug, dried, ironed out and then inscribed with a haimless message He 
will extract the drug by either chewing the paper or redissolving it in 
ivater Sometimes the drug is concealed under the stamp of the envelop 
The ivooden stem of a match changed into a cylinder has been found to 
contain a drug He ivill accuse or betray his best friend in order that he 
may gam favor from those in charge Telegrams and telephone 
messages will arrive bunging the news of the death of a member of the 
f amity, asking his immediate leturn home These are but a few of the 
methods employed to obtain diugs, and unless forestalled they will rum 
any studies made during the withdrawal period In addition, there is 
ahvays danger that the patient may be aided by a fellow addict who may 
hai e drugs in his possession, or by a drug pedler ivho wall furnish drugs 
wathout charge when it insures him the return of the addict with funds 
in the near future 

Practically 80 pei cent of the addicts appearing for treatment were 
using heroin before admission to the wards The rest were addicted 
to morphine, except one or tw'o who used camphorated tincture of 
opium and tincture of opium In the cases of morphine and heroin 
addiction, the hypodeimic method of administration was the choice, 
except in several cases of sniffing and in twm in which self-intravenous 
administration wms employed After admission to the ward, all persons 
used for study were supplied wath drugs in the form of morphine admin- 
istered h} podermically Enough of the drug wms given to allay any 
possible suffering We find that morphine easily displaces heroin in 
maintaining comfort and rest All studies to be reported must be con- 
sidered as studies made during morphine addiction and morphine wath- 
draw al 

While the person is under the influence of the narcotic, his behavior 
IS normal Not hawng much to do, he spends his time smoking cigarets 
and engaging in conversations, chiefly on drug addiction As a rule, 
the addict is interested in sporting events and the latest newspaper 
scandals Although supplied wath fiction of the lighter vanety, he is not 
a consistent reader while in the w^ard He eats well, sleeps well and 
helps to keep the w^ard clean, lending a helping hand to any kind of work 
requested He is docile, well behaied and is altogether easy to deal with 
while recen mg the drug and wffiile desiring to remain in the w^ard 
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WITHDRAWAL SYilPTOMS 

The withdiawal of the drug results in a striking change in the 
appearance and behavioi of such a peison The symptoms which make 
their appearance have fiequently been described in the literature 
(Johnson/ Levinstein/ Sollier/ Moiat/ Bishop® and Lambeit®) 
Having studied their onset carefully, we shall describe them briefly in 
the order of their appearance as we have observed them 

As the time appi caches for what would have been the addict’s next 
administration of the drug, one notices that he glances fiequently in 
the direction of the clock and manifests a ceitain degree of restlessness 
If the administration is omitted, he begins to move about in a rather 
aimless way, failing to remain in one position long He is either in 
bed, sitting in a chan , standing up or walking about, constantly changing 
from one to another With this restlessness, yawning soon appears, 
which becomes more and moie violent At the end of a period of 
about eight hours, restlessness becomes marked He will throw him- 
self onto a bed, curl up and wiap the blankets tightly around his 
shouldeis, sometimes burying his head in the pillows Foi a few min- 
utes he will toss from side to side and then suddenly jump out of the 
bed and start to walk back and forth, head bowed, shoulders stooping 
This lasts only a few minutes He may then he on the floor close to 
the radiator, trying to keep warm Even heie he is not contented, and 
he either resumes his pacing about or again throws himself onto the bed, 
wrapping himself under heavy blankets At the same time be complains 
bitterly of suffering with cold and then hot flashes, but mostly chills 

He breathes like a person who is cold, in short, jerky, powerful 
respirations His skin shows the characteristic pilomotor activity well 
known to these persons by the name of “cold turkey ” The similarity 
of the appeal ance of the skin at this stage to that of a plucked turkey is 
striking Coincident with this feeling of chilliness, he complains of 
being unable to breathe through his nose Nasal secretion is excessive 
He has a most abject appearance, but is faiily docile in his behavioi 
This IS a pictuie of his appearance during the fiist eight houis 

1 Communication from G H Smith, Esq, to Dr Johnson, Lancet 1 707, 
1841-1842 

2 Levinstein, E Die Morphiumsucht, 1878, p 14 

3 SoIIier, P La demorphimsation et le traitement rationel de la morphino- 
manie, Semaine med , 1894, p 146 

4 Morat, D Le sang et les secretions au corns de la morphmomanie et de 
la desintoxication, These de Pans, 1911 

5 Bishop, E S Narcotic Addiction o A Srstemic Disease Condition, J 
A M A 60 431 (Feb 8) 1913 

6 Lambert, A Nelson’s Looseleaf Medicine 1920, vol 2, p 607A 
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Often at the end of this period, the addict may become extremely 
drowsy and unable to keep his e}es open If he falls asleep, which is 
often the case, he falls into a deep slumber well known as the “yen” 
sleep It takes unusual noises to awaken him The sleep may last foi 
as long as eight or twehe houis On awakening, he is more restless 
than ever Lacnmation, ) awning, sneezing and chilliness are extreme 
A feeling of suffocation m the back of the thioat is fiequently men- 
tioned Usually at this stage, the addict complains of cramps, locating 
them most frequently in the abdomen, but often in the back and lower 
extiemities A right lectus rigidity with pain localized over the appen- 
dical 1 egion IS not uncommon , one can easily be misled in the diagnosis, 
since at this stage a leukoc}tosis is frequently present, as will be pointed 
out in a latei papei Vomiting and diarrhea appear He may vomit 
large quantities of bile-stained fluid Peispiration is excessive The 
underweai and pajamas may become saturated with sweat Muscular 
twitchings are commonl} piesent, they may occur anywheie, but are 
most violent m the lowei extiemities He may sit in bed with his leg 
flexed, giasping it tightly below the knee, fearing the twitch which will 
suddenly thiow it into complete extension and which he cannot control 
If he IS handed a cigaiet to smoke, his hand trembles so violently that 
he may haie difficulty in placing it in his mouth The tremor is so 
maiked that he is unable to light it himself 

He refuses all food and watei, and frequently sleep is unknown 
from this point It is at this stage that he may one minute beg foi a 
“shot’ and in the next minute thi eaten physical violence Nothing can 
make him smile He will beat his head against the wall or throw him- 
self violently on the floor Any behavior which he thinks may bring 
about the administiation of the diug will be resorted to Occasionally 
he may complain of diplopia Seminal emissions in the male and 
orgasms in the female fiequently occur 

V'^e believe that the height of these withdrawal symptoms is leached 
somewhere between the peiiod of fort3'--eight and seventy-two hours 
following the last dose of the diug taken The readministration of the 
drug piomptly brings about a diamatic change The patient becomes 
exceedingly docile almost simultaneousl}- with the puncture of the 
hypodeimic needle In a few minutes he begins to feel warm, and the 
gooseflesh and perspiiation aie no longer visible He speaks about a 
“heaA mess” in his stomach but regards this as a w^elcome symptom pre- 
saging relief In a period ranging from thirty minutes to one hour, the 
muscular tremors disappear He has become stiong and well He no 
longer w alks wnth bow'ed head and stooped shoulders He stands erect, 
IS quite cheerful and lights his cigaret like any normal person He 
becomes profuse in his apologies for his conduct during the abrupt with- 
draw al of the drug 
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The intensity of some of these symptoms is undoubtedly subject to 
control on the part of the patient We have stated that his mode of 
behavior is governed largely by his attempts to impress his suffering on 
those obserMiig him On the other hand, if there is a possible chance of 
obtaining his liberty from the ward he will state, though feeling ill, 
that he “feels fine,” “has an excellent appetite” and is “sleeping well ” 
He may have been successful in smuggling and administering the drug 
to himself and yet feign withdrawal symptoms so as to allay suspicion 
When It IS time for his discharge, he may feel well from the effects of 
the drug that he has been able to obtain through smuggling 

UNRELIABILITY IN RELATIONSHIP TO STUDY 

This control of his symptoms on the part of the patient must be 
thoioughly understood by those engaged in the employment of various 
sorts of treatment We believe that m many cases false conclusions 
are diawn as to the efficacy of a tieatment if the value is deduced from 
the statements of the patient and his appearance The scopolamine 
treatment that we have employed has always been stated by the patient 
who has been previously treated and who wishes to entei the ward to 
be “the best he has ever undeigone, all others being torture ” When he 
is just recovering from the effects of the scopolamine, it is “the worst,” 
all otheis being excellent AVhen the time approaches for his discharge 
and he is anxious to obtain his liberty, the treatment again becomes the 
most successful he has ever had , he appears to have fully recovered 
his normal strength when he may still be so weak that he may not be 
able to walk seveial blocks without collapsing 

CONCLUSIONS 

We have attempted in this paper to give a picture of the opium addict 
as we have found him in the wards of the Philadelphia General Hospital 
We believe this description to be essential so far as it points out the 
difficulties encountered in the study of human addicts Without this 
introductory paper, the reader might fail to appreciate in the papers 
which are to follow, the deceptiveness of the addict duiing experi- 
mentation 



THE RADICULAR SYNDROME IX HYPERTROPHIC 
OSTEO-ARTHRITIS OF THE SPINE 

AX ANALYSIS OF THIRTY CASES'^ 

LEWIS GUNTHER, IMD 

AND 

WILLIAM J KERR, D 

S \X FRANCISCO 

Thirt} -fiA e } ears ago r on Bechterew ^ wrote tlie first of a senes of 
papers Inch descnbed a S} ndroine consisting of stiff spine, 
nen e root pains, neri'e root degeneration, alterations of sen- 
sation and muscle atrophies of a radicular distnbution, which 
he ascnbed to a pach 3 TOeningitis and compression of the nerve 
roots Following the descriptions of Strumpell - and Mane“ much 
discussion ensued on the classification of the various t 5 pes of spond}- 
litis, and mth the exception of the work done in France and the reports 
hy Camus ■* Len,^ Sicard and Barre,' the neurologic side of the 
S}ndrome has receiied httle attention 

In the English and American literature references to tlie radicular 
s}ndrome haie been fev indeed, and under this title reference had not 
been made to spinal osteo-arthritis as the causative agent until the 
appearance of Rosenheck s ® contribution in 1924 on radicular pain in 
spond}htis deformans Well known textbooks® and systems of 
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2 Strumpell, A Bemerkung fiber die chronische anlq losirende Entzunaung 
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3 Mane Pierre Sur la spondilose rhizomelique, Rei de med 18 285, 1898 
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from a Neurological Standpoint, if J S. Rec 120 215, 1924 
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medicine have raiely included the ladicular syndiome oi ladicuhtis in 
then indexes, but when included, the relation to osteo-ai thritis of the 
spine has not been mentioned Undei discussions of spondylitis and 
of osteo-arthiitis, Rhein lepoited pathologic changes in neive 
roots in a case of spondjdose rhizomelique (P Mane) , Bailey and 
Casamajor and also Paikei and Adson,^^ noted pain and objective 
sensory distuibances fiom neive root and coid compression, Danforth 
and Wilson, observ^ed the radicular natuie of sciatica, and Rosenheck,^^ 
called attention to so-called meralgia pai aesthetica as a radicular 
manifestation Osler,^® undei the heading of spondylitis, quoted von 
Bechtel ew’s original obseivations, and McCiae,^® in the Oxford System 
of Medicine, stated that “sensory changes aie impoitant,” but, like 
many other writers, he left the readei rathei doubtful legardmg their 
nature and distribution 

Radiculitis may be desciibed as an acute inflammation of the spinal 
neive loots, manifested by alteiations of sensation oi of changes in 
muscle function, which show by then distiibution that the primary 
disease piocess is in the spinal loot and not in the tracts and nuclei of 
the cord, oi in a peiipheral nerve tiunk Dejenne^'^ considered syphilis 
and tubeiculosis the most common etiologies Spinal osteo-aithiitis as 
a cause of radiculitis received little attention 

A root type of altered sensation or of changed motor power is not 
distinctive m itself, because a similar pictuie may be pioduced m many 
diseases of the spine That radiculitis may result from osteo-aithritis 
of the spine and is due to involvement of the nerve root, either fiom the 
meningeal reaction secondary to the osteo-arthntic piocess, oi from 
pressui e in narrowed canals, has been shown expei imentally by Nathan,^® 

10 Rhein, J H W Pathologic Report of the Nervous System in a Case of 
Spondylose Rhizomelique, J A M A 51 463 (Aug 8) 1908 

11 Bailey, P, and Casamajor, L Osteoarthritis of the Spine as a Cause of 
Compression of the Spinal Cord and Its Roots, J Nerv & Ment Dis 38 588, 1911 

12 Parker, H L , and Adson, A W Compression of the Spinal Cord and' 
Its Roots by Hypertrophic Osteoarthritis Diagnosis and Treatment, Surg Gynec 
Obst 41 1, 1925 

13 Danforth, M S , and Wilson, P D Anatomy of the Lumbo-Sacral 
Region in Relation to Sciatic Pam, J Bone & Joint Surg 7 109, 1925 

14 Rosenheck, C Meralgia Paraesthetica Relation to Osteo-arthritis of 
Spinal Vertebrae, J A M A 85 416 (Aug 8) 1925 

15 Osier (footnote 9, first reference) 

16 McCrae, Thomas Arthritis Deformans, Oxford Medicine, London, Oxford' 
University Press, vol 4, p 390 

17 Dejerine, J Semiologie des affections du systeme nerveux. Pans, Masson' 
& Cie , 1914, pp 257 and 821 

18 Nathan, P W The Neurological Condition Associated with Polyarthritis- 
and Spondylitis, Am J AI Sc 152 667, 1916 
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and recognized clinically and descnbed by certain Fiench woikersd® as 
rheumatic ladiculitis, neui odocitis, funiculitis and funicular-radiculitis 
But e\en as late as 1922, Bassoe,-** in discussing nerve syndiomes and 
osteo-aithiitis of the spine as a cause of sciatica, lumbago and cervical, 
biachial and intei costal neuralgias, called attention to the appalling lack 
of objective obseivations 

There are no criteria by which the extiameningeal neurodocitis or 
funiculitis of Sicaid® (fig 1) can be distinguished from the involvement 
of the intramemngeal portion of the root, since the involvement of 
either pait will be manifested as a ladiculai disturbance In this study, 
theiefoie, to denote involvement of the spinal nerve loots we shall use 
the teiins radicular syndiome or radiculitis These will include the 
extrameningeal funiculitis and intei vertebral neurodocitis of Sicard, and 
the intiamenmgeal ladicuhtis of Dejerine 

Ma} er indicated that thei e may not be any demonstrable sensory 
changes in the eaily stages of ladiculitis, and that latei disturbances con- 
sist of alterations m light touch Osteo-arthritis of the spine is a com- 
mon disease indeed, and from the veiy nature of the process radicular 
manifestations with sensoiy changes to light touch should be present 

ANATOMY 

The spinal nerves are joined to the spinal cord by their dorsal and 
^entlal lOots, which aie fiayed-out bundles of axons, called the fila 
ladiculaiia, at their lines of attachment to the coid The fila radicularia 
and the shoit intiamenmgeal portions of the roots are called by Sicard 
the “radicular nerves,” as distinguished fiom the extiameningeal por- 
tions which he calls the “funicular nerve” (fig 1) The dorsal root 
contains the spinal ganglion (fig 2), which is closely invested by the 
duia matei, but is laigely outside its cavity 

Although the roots pierce the dura separately, they are enclosed in a 
single tubulai sheath of dura, which includes the spinal ganglion and 
postenor root, and thus ensheathed, the spinal nerve occupies the inter- 
vertebial foramen The ganglions of the last lumbar and fiist four 
sacial neives he inside the veitebial canal, but outside the dural sac, 
Yhile the ganglions of the last sacral and the coccygeal neives he not 

19 Camus (footnote 4) Len (footnote 5) Sicard (footnote 6) Barre and 
Gunsett (footnote 7) 

20 Bassoe, P Ner^ous Sjndromes Osteoarthritis of the Spine, Vertebral 
Funiculitis Neurodocitis, Internat Clin 3 232, 1922 

21 Williams, T A Differential Diagnosis of Radiculitis and Neuritis, Arch 
Diagnosis 14 140, 1922 

22 Majer, E E Radiculitis Its Diagnosis and Interpretation, J A ]\I A 
71 353 (Aug 3) 1918 
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only inside the vertebral canal, but inside the dural sac as well The 
two roots leave the intervertebral foramen together as a short trunk 
which soon breaks up into brandies, which in certain regions furnish 
the elements making up the plexus (fig 1) The dura is separated 
from the periosteum and the wall of the intervertebral canal by a very 
small interval, containing thin-walled plexiform veins and loose fatty 
connective tissue 



Pig 1 — Sicard’s schematic representation of the spinal roots He called the 
fila radicularia and the short intrameningeal portions of the spinal root the 
"radicular nerve”, the extrameningeal portion the “funicular nerve,” and the inter- 
vertebral foramen the “neurodocha ” 

Sicard ® used the term “neurodocha” to describe the bony canal 
through which the spinal roots pass to reach their foramina of exit 
(fig 1) A pathologic process within the intervertebral canal (the 

23 Robinson, Arthur Cunningham’s Text-Book of Anatomy, ed S, New York, 
William Wood & Company, 1923, pp 711-713 
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neurodocha), he called a neurodoatis and involvement of the short 
extraraeningeal spinal root trunk (the funicuhte), he termed a funicu- 
htis Sensory alterations (or changes in motor power), dependent on 
a pathologic process in a gnen ner\'e root, will be manifested at the 
periphery as a radicular disturbance (fig 3) regardless of whetlier or 
not the part involved is intrameningeal or extramemngeal -- 

The spinal roots var}- in size The largest are those that take part 
in the formation of the great nen^e trunks of the limbs, namely, the 
lower cervical and first thoracic roots and tlie lumbar and sacral roots 



Fig 2 — The spinal ner^e roots and meningeal sheaths (From Ma 3 er [foot- 
note 22] ) 


Of these, the nerves destined for the lower limbs are the larger All the 
thoracic nerv es except the first are small 

The sixth cemcal root is the largest of the cervical nerves These 
roots dimmish in size from below upv ard The size of the nen e 
root in relation to tlie canal is of defimte importance in determimng the 
liabilit} to mechanical irritation Danforth and Wilson,^® in a careful 
stud} b} dissection of the lumbar and sacral nerves, found that begin- 
ning vith the fifth lumbar root, from below upward, the size of the 
nen e decreased relatii ely to the size of the foramen , viz , for their size 

24 Piersol, G A Human Anatomj, Philadelphia T B Lippincott Companj, 
1907, lol 2, p 1279 
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the fifth lumbar roots had the smallest canals, frequently almost filling 
them, the fourth lumbar roots larely completely filled the foiamma of 

exit, and the second and third lumbar roots never completely filled the 
openings 

With lespect to the size of individual roots, the posterior are larger 
than the antenoi They contain a greater number of radicular fibers, and 
the individual fibers are largei In the cervical region, the posterior 



Fig 3 — The topographic distribution of the spinal nerve roots Radicular 
sensory innervation heavy lines indicate direction or axial lines (modified from 
Dejenne and Flatau) (From Mayer [footnote 22] ) 


roots are thiee times larger than the anterior,^° except in the case of 
the fiist ceivical, ■which is always smaller, and, in rare cases, absent 
The composition of the intervertebral canal and the relation of the 
roots m this canal are of some importance The roots are in relation, 
above and below, respectively, to the inferior and superior intervertebral 
notches of the adjacent vertebrae, in front, with some of the posterior 
part of the bodies and with a portion of the intervertebral disk separat- 

25 Lewis, W H Gray's Anatomy, ed 21, Philadelphia, Lea & Febiger, 1924, 
p 923 
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ing them, and behind, is the posterior articulation The superior pos- 
terior articular facet reaches upward toward the inferioi intervertebral 
notch of the body above, and on movements of extension it approaches 
the ner\e root in the canal and further decreases the size of the inter- 
vei tebral foramen 

ETIOLOGY, PATHOLOGY AND PATHOGENESIS 

Von Bechterew found a pachymeningitis and degeneration of the 
nen’^e roots He considered the neurologic symptoms due to this path- 
ologic condition, with consequent mechanical compression of the neive 
roots Various French writers, Chapault and Raymond (cited by 
Camus ^), Leri ® and Sicard,® conformed essentially to this view Leri, 
particularly, indicated the possibility of the process being inflammatory 
Sicard considered the process periosteal inflammation with secondary 
imolvement of the meninges of the nerve roots in the intervertebral 
canal Bailey and Casamajor^^ described in consideiable detail the 
gross pathologic changes of advanced spinal osteo-arthritis, and stressed 
particularly the thickened root meninges and bony overgrowths from 
the posteiior surfaces of the vertebral bodies and around the inter- 
vertebral canal as a cause of compression of the cord as well as the roots 
Like their predecessors,-® they felt that symptoms were produced by 
mechanical irritation and pressure on the nerve roots in the intervertebral 
foramen Rhein found nerve root and muscle degeneration 
in a case of spondylose rhizomlique (P Mane) This observation is 
essentially the pathologic picture described originally by von Bechteiew 

In this country, Nathan,^® by experimental work on dogs and com- 
parative studies of the pathologic changes in man, called attention to 
the inflammatory nature of the pathologic process in spondylitis defor- 
mans He concluded that subjective and objective sensory alterations 
of a ladicular nature should be present, depending in degree on the 
severity of the periradicular exudation The intensity and peimanence 
of these S}mptoms depended on the fibrosis subsequent to repaii after 
the inflammator}" process had subsided The persistence of neurologic 
s}mptoms and signs i\ere due, he thought, to a mechanical disturbance 
in the spinal canal and in the intera'ertebral foramen, secondary to these 
sequellae Patrick stressed the occurrence of low grade fever and 
low grade leukoc}i;osis m osteo-arthntic processes Elliott-® discussed 
Nathan’s York and the theories advanced as to the etiolog)'' of spinal 
osteo-arthritis 


26 Bediterew (footnote 1) Camus (footnote 4) Leri (footnote 5) 

27 Patrick, H T Neuritis and Sciatica, J A M A , 69 2176 (Dec 29) 
1917 

28 Elliott, G R Spinal Osteoarthritis Imolving Cenical Region, J Bone & 
Joint Surg 8 42, 1926 
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The similai obseivations of von Bechteiew and Rhein in sup- 
posedly diffeient types, would indicate that the pathologic condition 
of the neive roots was essentially the same in the various forms 
of spondylitis Nathan felt that it was unnecessaiy to classify spondy- 
litis accoidmg to the pieseiice oi absence of neural symptoms, the mode 
of piogiession or the involvement of iibs and joints of the extremities 
“Whether or not these paits aie involved is merely an accident of loca- 
tion of a geneialized process, and such accidental distiibution provides 
the foims commonly associated with the names of von Bcchterew, 
Strumpell, P Maiie, etc These conditions aie not essentially different 
— like all inflammatoiy conditions they may be acute, chionic, tiansieiit, 
or piogiessive, with oi without permanent changes to the tissues 
involved ” 

Paikei and Adson,^- in a series of patients with neive loot and coid 
symptoms, who weie subjected to exploiatoiy laminectomy, found 
that the hypei trophic piocess may be extensive without roentgen- 
ologic evidence of its piesence They too concluded that the piocess was 
inflammatory, with infection and tiauma as the piominent factors The 
formei they consideied the more common and piominent cause of the 
disease, and the lattei the piedisposing factoi, which continued the proc- 
ess thiough mechanical iiritation 

METHOD OF STUDY 

In the medical out-patient depaitment and wards of the University 
of California Plospital, studies weie conducted on patients whose 
symptoms indicated distui bailees of the spinal loots In the histoiy of 
the chief complaint, the patients outlined the painful aieas lying in a loot, 
or a gioup of loots, to a degree that was lemarkable foi its topographic 
accuracy When they were questioned, the histoiy brought out that 
there had been other painful aieas of spinal root distribution not com- 
plained of at the time The demonstration of root involvement was 
equally consistent, when analysis was made of the past histoiy of 
patients without subjective complaints, in whom moderate to maiked 
hypertrophic changes weie found by x-ray examination In eithei 
event, the histoiy of the involvement of various spinal root aieas was 
obtained, and from it a recoid of involved roots could be formed, which, 
in most cases, was sufflciently accurate m itself to suggest the levels at 
which a pathologic process might be anticipated in the spinal veitebrae 

Alteiations m sensation to light touch weie tested foi on all patients 
by the use of the cotton tuft on a wooden applicator which was approxi- 
mately 6 inches (15 24 cm ) long The applicator was held lightly at 
about Its midpoint, and the tufted end was applied to the skin, lesting 
by its own weight without added piessure from the hand In 
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a number of patients, tests were conducted with the pinpoint, heat, 
cold and pinching One or two painful areas were selected at a given 
examination, usually that of chief complaint, and other regions were 
left for a latei examination This procedure was adopted because of 
the patient’s i ead} fatigue incident to examination for alterations m light 
touch Several examinations were necessary if all the involved aieas 
were to be studied 

AGE AND SEX INCIDENCE 

Age — The age incidence of hypei trophic osteo-arthiitis of the spine 
co^ers a wide range It is not necessarily a part of old age The 
youngest patient m this series showing x-ray evidence of spinal osteo- 
arthritis was 34, and the oldest was 72 Twenty-three patients were 
between the ages of 37 and 54, and five patients were over 55 

Sc.x — Hypertrophic osteo-arthritis of the spine is consideied to be 
moie prevalent in men than m women,^^ the reason given being that in 
men the spine is subject to more trauma In this group, the women out- 
numbeied the men two to one This reversibility may be explained by 
the attendance figures at the afternoon clinic of the University of 
California Medical Dispensary, where most of this work was carried 
on In attendance, the women outnumbered the men in about the same 
ratio 

SINGLE SYMPTOMS AND REGIONS INVOLVED 

In order of frequency, the chief complaints were pain, aching, 
soreness, stiffness, paresthesia (burning, numbness, tingling, heaviness, 
weight), dizziness, cramps and tenderness Pam was described as sharp, 
shooting, gnawing, catching, tender, dull, pinching, twinging, pierc- 
ing and the like, in various ways, according to the manner of expres- 
sion of the patient Aching was of a dull character, and the soreness 
was either heavy or light The outstanding symptoms, according to 
frequency, weie pain, aching, soreness, and stiffness 

The regions complained of (fig 4), according to frequency, were 
(1) an area immediately over the sacrum with sciatic radiation 
(fig 4A) , (2) localized pain ovei the sacrum, with concomitant pain 
on the inner side of the legs (fig 4B) , (3) an area over the back of 
tlie neck (fig 4C) , (4) the side of the neck and shoulders (fig 4D) , 
(5) over the occiput and vertex (fig 4F) , (6) the upper part of the 
abdomen and the epigastrium, with radiation to the back (fig 4G) , 
(/) the loi\er part of the abdomen, with radiation to the back, or from 
the back (fig 4II) , (8) the precordium with radiation to the inner 
part of the left arm (fig 47), and (9) the outer side 
and front of the thigh (fig 4/) Although the patients complained of 
pain on one side more than on the other, bilateral involvement was most 
frequent, the right side receiving more attention in the abdomen and 
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Fig 4 — A, the radicular distribution of the sacral roots 1 and 2, “sciatica ” 
B, the radiculai distribution of the lumbar roots 4 and 5 and the sacral root 1 over 
the sacrum (backache) and the ladicular distribution of the lumbar root 4 on the 
“inner side of the legs ” C, the ladicular distribution of the cervical loots 5, 6 and 
7 over the area “up and down the back of the neck ” D, the radicular distribution 
of the ceivical root 4 over the “side of the neck” and the “shoulder” E, the 
radicular distribution of the cervical root 4 and radiation “over the arm” found 
when areas D and E were affected concomitantly F, the radicular distribution of 
the cervical roots 1, 2 and 3 over the back of the head and neck and on the face 
Spoken of as “headache” by the patient, occipital and vertex G, the radiculai 
distribution of the doisal roots 6, 7, 8 and 9, the area of lef erred pain m disease 
of the gallbladder H, the radicular distribution of the dorsal roots 10, 11, and 12, 
the area of referred pain and local tenderness in appendicitis, also backache over 
the “small of the back” I, the radicular distribution of the dorsal roots 1, 2, 3, 4 
and S, the area of referred pain in certain cardiac diseases /, the radicular distribu- 
tion of the lumbar roots 1, 2 and 3 on the outer side of the thigh (may be confused 
with meralgia paraesthetica) and across the front and inner side of the thigh 
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the left side over the upper part of the chest Questioning was some- 
times necessaiy to bring out the bilateral nature of the symptoms 

The roots which make up the great ner\ms of the lower and upper 
extremities weie outstandingly invoked, when the location of the 
S}mptoms was noted according to then frequency The involvement of 
the roots supplying the lower extiemities was somewhat more frequent 
than of those to the upper extremities The incidence of involvement 
ment can be explained by anatomic facts The roots forming the great 
nerve trunks of the lower extiemities are the largest of all the spinal 
roots Those supplying the cutaneous distribution of so-called sciatica, 
the fouith and fifth lumbar and the first two sacral roots, are most 
frequently subjected to mechanical irritation oi compiession owing to 
nan owed canals caused by arthritis of the fourth and fifth lumbar ver- 
tebrae, and of the lumbosacial and sacro-ihac joints The less frequent 
radiculai symptoms and sensory changes in the upper lumbar roots in 
this series of cases may be explained b)^ the fact that the fiist, second and 
third lumbal roots raiely fill then containing canals by one half and 
are, theiefore, less apt to be afifected by processes tending to decieasc 
the relative size of the interieitebial canal 

In the ceivical region, symptoms lefeiable to the lower cervical 
roots w'eie twnce as frequent as those to the uppei This may be 
explained by the diminishing size of the ceivical roots from below 
upwaid, the sixth ceivical root being the laigest-'* The nature of 
the ceivical cune and the greater mobility of the low'er cervical vertebiae 
increased the liability of these roots to mechanical irritation 

In the abdomen, sjmptoms ovei the right upper and right lower 
quadrants recen ed moi e attention than the con esponding left quadrants 
The doisal roots are small, e\erything else being equal, the greater 
mobility of the low'^er dorsal ^ertebrae enables mechanical trauma to 
pla) a greatei idle in the coi responding dorsal roots Education of 
the laity, by the medical profession, and by surgeons in particular, con- 
cei ning diseases of the gallbladder and the appendix, has perhaps caused 
attention to be focused on these regions, for, despite bilateral symptoms, 
the patients seemed moie concerned with disturbances on the right 
side of the abdomen That the location of a known organ draws atten- 
tion to one side of the body is well illustrated m the upper part of the 
chest wdiere the painful area, in the proximity of the heait, attracted 
01 erwdielming attention to the left side There was a tendency to 
minimize the pain on the right side of the chest When a patient 
was asked if he w'^ould seek a physician because of pain on the right side, 
such as he now felt on the left side, it was quite characteristic to have 
him repl} 'T w’ould pa} no attention to it because the heart is not 
on that side ” 
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THE COMMON SYMPTOMS IN THE INVOLVED REGIONS 

Fingei s Paresthesias weie the main symptoms These, in order 
of frequenc}'', weie tingling, numbness and anesthesia They were 
associated with the involvement of the loweimost cervical and the uppei 
dorsal vertebiae 

Head Headache was the chief complaint It was usually desciibed 
as a dull ache, soieness oi buining, at the occiput, which shot most com- 
monly to the veitex, and less fiequently aiound the side of the head to 
the temples The subjective sensations at the veitex weie those of 
pieicing pain, tenderness, soreness, burning or a dull ache (fig 4F) 
These symptoms were associated with the involvement of the second or 
thud ceivical vertebiae, or both 

Back of the Neck — Pain, aching, soreness and stiflrness up and 
down the back of the neck from the cervical prominence (less fiequently 
between the uppei pait of the shoulder blades) up to the occiput weie 
the outstanding sjmptoms of this legion The sensation of a lump 
over the cervical prominence and, less frequently, of paresthesias, such 
as numbness, burning and tightness, were also symptoms (fig 4C) 
These were associated with the involvement of the fifth and sixth or 
seventh cervical vertebiae 

Slwiddeis — In this legion, the sjanptoms consisted of pain, or 
aching, and soieness on the outei side of the neck Radiation occuired 
outwaid ovei the shoulders and was desciibed as “painful shoulders,” 
or to the fiont of the chest as far down as the second interspace (exclud- 
ing the space on the neck between the bellies of the sternomastoid) 
(fig 4Z7) Stiftness of the shouldeis was less fiequently a symptom 
Occasionally, there was a complaint of paiesthesia, such as burning and 
tightness When arthritis of the shoulder was present concomitantly 
with cervical aithiitis, ciackling in the shouldei joint was an added 
symptom When symptoms ovei the back of the neck and the 
shouldei areas coexisted, radiation occurred from the side of the neck 
and shoulder to the outer side of the arm, and often to the base of the 
thumb (fig 4£) These symptoms were desciibed as pain, aching or 
heaviness The osteo-aithritic piocess was found m the fouith, fifth 
and sixth oi seventh cervical vertebrae, or the fifth and sixth cervical 
vertebrae alone, when the uppei and posterior bolder of the fifth veitebia 
also showed arthritic changes 

Uppei Part of the Chest (Precoidtwn, Mammaiy Region) — Pam 
and aching over the piecordium (second to fouith or fifth intei space) 
were outstanding symptoms Pain, when acute, was shaip (like pins), 
and between acute episodes it was described as dull or aching Radiation 
occurred to the armpit and down the inner side of the aim, often to the 
fingertips (fig 47) When symptoms were most pronounced on the left 
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side the patient fiequently associated them with the heart, and, in certain 
introspective persons, tachycardia and fear of breathing would follow 
Less frequently, symptoms of soreness and paresthesias, such as numb- 
ness and burning, weie described These symptoms were associated 
with the involvement of the upper four or five dorsal vertebrae 

Upper Pajt of the Chest (Between the Shoulders ) — Soreness 
between the shoulders was practically the only complaint in this region, 
and existed usually as an extension of symptoms from the area up and 
down the back of the neck, or in conjunction with symptoms across 
the upper pait of the chest, when the upper dorsal vertebrae were 
involved (figs 4J and 5) 

Lower Part of the Chest (Hypochondr mm) — In the hypochondrium 
the symptoms were pain or aching with radiation to either side, along 
the costal margin to the shoulder blade, or heaviness, stabbing pain, 
pressuie and “gas” across the epigastrium Such symptoms on the 
light side were over the area of distiibution of the referred pain of 
disease of the gallbladder (fig 4G) 

Epigastrium — Pain and paresthesias, such as burning, tingling and 
heaviness, pressure, stabbing pain and “gas,” were the symptoms in 
order of fiequency These extended bandhke across the epigastrium, 
or radiated across the hypochondrium, on either side, along the costal 
margin to the shoulder blade, as previously desci ibed, or as a girdle pain 
and aching across the navel The latter would be referred to the upper 
part of the small of the back, just below the angles of the scapulae 
(fig 4G) Symptoms in these areas were associated with the involve- 
ment of the middorsal vertebrae 

Lower Part of the Abdomen — Pam, aching and stabbing were the 
main symptoms (the latter symptom usually occui red in the right lower 
quadrant), and, less frequently, soreness and binning These weie 
usually referred to the small of the back, or began posteriorly, and 
weie lef erred from the small of the back where stiffness and weakness 
vere occasional symptoms (fig AH) They were associated with the 
mvohement of the three lower dorsal vertebrae 

Inguinal Ligament, Side of the Thigh and Upper Front Part of the 
Thigh — Pam, burning or aching, starting over the upper outer aspect 
of the thigh, at or behind the crests of the ilium, were the main 
s}mptoms of the patient’s chief complaint Radiation occui red into 
the area over the inguinal ligament, or across the front of the thigh 
to the inner aspect and downward to the Icnee and, less frequently, to the 
inner side of the leg Questioning was often necessary to determine the 
distribution of the radiation Tenderness to pressure, below the lateral 
part of Poupart’s ligament, was occasionally piesent (fig 4/) Symp- 
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Fig 5 (case 5) — Illustrating pseudo-ang na pectoris, pseudo-appendicitis, gastric 
disturbances and pseudocholecystitis A, the radicular distribution of the dorsal 
roots 1, 2, 3, 4, 5 and 6, subjective sensory disturbances for a period of twelve 
years, acutely for fiv^e months, disturbances worse on the left, mistaken diagnosis 
of angina pectoris B, the radicular distribution of the dorsal roots 6, 7, 8 
and 9, subjectwe sensory disturbances over a period of tweh'e years, worse on the 
right, associated with the “stomach” by the patient, diagnosis of chronic chole- 
cystitis and investigation for disease of the gallbladder was made C, the radicular 
distribution of the dorsal roots 10, 11 and 12, subjective sensory disturbances for 
several years , symptoms greatest on the right , a diagnosis of chronic appendicitis 
was made, the surgeon advised appendectomy, area of backache over the “small 
of the back” a, subjective sensory disturbances, area of chief complaint, b, sub- 
jective sensory disturbances, other areas brought out in the past history, c, moder- 
ate increase in sensation to the cotton tuft, d, moderate decrease in sensation to 
the cotton tuft, e, marked decrease in sensation to the cotton tuft 
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toms in this area were associated with the involvement of the upper 
lumbar vertebrae above the third lumbar vertebra 

Symptoms on the inner side of the leg were moie often associated 
with symptoms of localized pain over the sacrum (fig AB) The latter 
pain will be explained fully later 

Ovej the Sact urn — Pain was the outstanding symptom in this area 
As a symptom, localized pain over the sacrum (backache) was often 
present along with pain on the inner side of the leg The patient spoke 
of backache, but closer scrutiny revealed a localization to the area 
over the saci um Most frequently, the pain radiated down the posterioi 
middle part of the thigh to the popliteal space (the peripheral distribu- 
tion of the postenor cutaneous nerve of the thigh), thence to the outer 
side of the leg to the dorsum of the foot (the peripheral distribution 
of the external popliteal nerve) (fig A A) Pai esthesias, such as numb- 
ness and tingling over the posterior suiface of the thigh and over the 
doisum of the foot, were less frequent symptoms Sciatic pain was 
associated with the involvement of any of the following the third 
lumbar vertebra, the lumbai vertebrae below it, a sacialized transverse 
process of the fifth lumbar oi arthiitic changes about the sacio-iliac 
joint 

GENERAL SYMPTOMATOLOGY, FACTORS WHICH INDUCED OR 
AGGRAVATED SYMPTOMS 

The cardinal symptoms were pain, aching and soreness, brought on 
or aggravated by the movement of the spinal column The most com- 
mon factors that induced or aggravated the symptoms were sneezing, 
straining at stool, coughing (Dejerine’s sign), using after a sitting 
position, raising the head on awakening, getting out of bed, walking, 
sitting in one place for any length of time, a change of position and 
lifting Pam at night, which awakened the patient and was relieved 
by a change of position was commonly noted Inability to sit up in 
bed from a supine position, without producing pain, and the necessity of 
rolling out on one side or the othei were quite characteristic Many of 
the patients preferred a hard bed, obtaining most rest when lying flat on 
the back The wearing of a corset, strapping, heat and massage were 
measures that gai e relief 

Pain, induced or aggravated by movement of the spine, as described 
before, in some form or other, was common to all cases Dejerine’s 
sign (coughing, sneezing and straining at stool) occurred first as 
the single factor which aggravated the symptoms in all the regions 
of the spine The presence of this sign is useful but does not indicate 
the cause -- The acts, which constitute Dejerme’s sign, outstandingly 
affected the back of the neck and shoulder legions, the area over 
the sacrum and the so-called sciatic distribution In the neck, sneez- 
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mg’ induced symptoms oftenei than coughing or straining, and ovei the 
small of the back and sacral regions, straining at stool was more 
often an aggravating factor It is noteworth}- that sneezing affected 
the uppei spinal loots more than straining at stool, and the lattei, in 
turn, affected tire lowei spinal roots This may be explained by the 
mechanics of the acts involved The acts that constitute Dejeiine’s 
sign cause an inciease in mtraspmal piessuie and piobably act 
mechanically on the loots and the meninges of the loots The lattei 
have aheady lost then elasticity incidental to sequellae of the osteo- 
aithiitic piocess 

Coughing IS the least aggiavating factor of the thiee that constitute 
Dejeiine’s sign In the absence of pulmonary infection, coughing is 
oidinarily done lightly, as m dealing the tin oat No doubt, if coughing 
were indulged m seveiely enough to laise the intiaspinal piessuie to 
the same degiee as occasioned by sneezing and stiaming at stool, 
symptoms might be induced and aggiavated to as great a degiee All 
regions weie paiticulaily affected by any position that induced lelaxation 
of the piotectmg muscles, such as lying in bed and piolonged sitting 
in one position 

Pam, as seen m this study, was a botheisome symptom and some- 
times troublesome enough to inteifeie with work It was not, as a 
rule, seveie and not m any instance was it extieme enough to lequiie 
opiates It lacked the seventy of the pam seen in Pott’s disease and m 
tumors of the veitebiae and coid The spontaniety seen in the latter 
condition was not piesent Movement, oi the Dejenne sign, was always 
the piovoking factoi Localized vertebial pain and tenderness, as seen 
in Pott’s disease and new giowths of the veitebiae oi coid, were not 
present While pain was a symptom which appealed at night and mtei- 
rupted the patient’s sleep, in no case did the patient walk the fiooi 
or sleep m a chair foi lelief This symptom appears in new giowths 
of the cord and vertebiae, and has been stiessed by Paikei and Adson 
In fact, in oui patients such maneuveis invariably aggiavated symptoms 

SENSORY ALTERATIONS 

Foi the most pait, the sensoiy changes were bilateral in distiibution 
The most common obseivations weie hypeiesthesia, hypesthesia or 
anesthesia to the cotton tuft When hypesthesia to the cotton tuft was 
marked, a slightly deci eased sensibility to the pinpoint was also found 
to be piesent In a given patient, altcied lesponses to heat and cold 
were m the same diiection as those elicited with the cotton tuft oi the 
pm 

29 Bechterew (footnote 1) Bailev and Casamajor (footnote 11) Nathan 
(footnote 18) 
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Hj'peresthesia to the cotton tuft •v\as commoiil} found in patients 
with complaints dating within one year Occasionally, a patient -nnth 
s}Tnptoms of many 3 ears’ duration suffered an acute attack in a given 
region H3^peresthesia was found when the exacerbation of symptoms 
^^as of less than one )'ear’s duration In the areas supplied by the 
lo\\er cervical roots, and the lower lumbar and upper sacral roots, 
h} peresthesia w as occasional!}- found in patients wnth s}'mptoms of five 
or more } ears’ duration H3"pesthesia to the cotton tuft was common 
in patients whose s}mptoms extended be3ond a period of five years, 
and occasional!} could be found in cases in which the symptoms were of 
less than three or four 3*ears’ duration Marked hypesthesia to the 
cotton tuft, anesthesia to the cotton tuft and slight h} pesthesia to the pin 
stroke were generall}' found in patients with svmptoms of more than 
five 3 ears’ duration and rare!}' in patients with S3^mptoms of between 
three and five 3 ears’ duration 

Sensor} disturbances varied in extent, severity and character, from 
a small area of h3-peresthesia to a sensorium dulled to light touch over 
most of the bod} Such alterations in the sensation of hght touch 
were found constant!}’’, and it became possible, after a number of 
examinations to chart out the entire body and to anticipate from the 
chart the le^els of the spinal vertebrae at which pathologic processes 
might occur 

X-Ray Changes — In the w^ell marked h}pertrophic process, the 
presence of spurs on the anterior and lateral parts of the bodies of the 
•\ertebrae requires little comment H}pertrophic spurs w’ere also noted 
on the posterior margins of the vertebrae Fluffiness and fuzzy pro- 
jections were noted along the margin of the bodies in certain cases, w’^hich 
w e beliCA e indicate the earlier x-ray changes of hypertrophic spinal osteo- 
arthritis Loss of the intervertebral disk substance was noted par- 
ticular!} in those patients who show'ed abnormal bowing of the spinal 
column, and was seen especially in the dorsal vertebrae In the 
extremely marked process, a certain degree of atrophy of the bodies of 
tlie vertebrae was noted Calcification of the anterior ligaments that 
appeared as though molten bone had been poured ov’’er sev'eral of the 
vertebral bodies without apparent loss of intervertebral disk substance, 
was seen in two patients who elsewhere in the spine showed the more 
common spur formations The varied changes observed were associated 
with nerv e root sj-mptoms and alterations of sensation at the particular 
vertebral lev el that w as inv olved 


30 In patients studied since this series was analyzed, the A and B pinching 
tests of Camett (Camett, J B Intercostal Neuralgia as the Cause of Abdominal 
Pain and Tenderness, Surg Gynec Obst 42 625 [!Ma>] 1926) were found useful 
V hen marked hj peresthesia and hyperalgesia were present over the abdomen 
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BLOOD PRESSURE 

Hypertension was not a prominent obser\ation in this study In 
t■\^ ent} -f our patients, the leadings for the S3'stohc blood pressure ^arled 
bet\Aeen 100 and 150 In five patients, the readings for the s}Stohc 
blood pressure varied betv een 154 and 162 One patient had a s\ stohc 
blood pressure of 184 

In tAvent}’-six patients, tlie readings for the diastohc blood pressure 
varied bet^^een 66 and SO For tlie remaining four patients of the 
senes, tvvo diastohc readings were obtained at 98 and 102 and two at 
120 and 124 

RESUME 

As ma}' be seen fiom the foregoing facts, the s} mptomatolog\ ma} 
be diffuse, depending on tlie vertebral levels involved Cer\ ical involve- 
ment IS associated vith headache soie neck, painful shoulders and arms 
Upper dorsal involvement is associated with precordial pain, ivhich is 
considered by tlie patient, and often by his ph}sician, to be of cardiac 
origin Pam in tlie epigastrium and ovei the region of the gallbladder 
w as noted ivhen the mid-doi sal i ertebrae w ere invoh ed Pam over the 
lower part of the abdomen, which required a differential diagnosis from 
appendicitis and pelvic disease was associated with the imohement 
of the lower dorsal i ertebrae Imohement of the lumbar a ertebrae 
was associated with painful hips and thighs as m disease of the hip 
joint and as in so-called meralgia paiaesthetica or with pain over the 
back and lowei extremities as in sciatica 

It becomes apparent from the widespread nature of the patient s 
complaints that imohement of rarious spinal roots maj be associated 
with subjective sensory disturbances, seemmgl) due to Msceial disease, 
and herein lies the impoitance of recognizing the radiculai swidiome 
based on spinal osteo-arthritis 

REGIOXAL RADICULITIS CERMCtL R VDICULITIS 

Since arthritis of the spine as a cause of the radicular sjndrome 
has received little attention, it is not at all surprising that loot pain 
corresponding to the distribution of the first to third cervical lOots over 
the head has been common!} included under the blanket term of head- 
ache ” These roots supply the back of the head from the occiput to the 
vertex and a small area o^ei the mandible (figs o and 4F) 

Hco(/ac/?c —Irritation of tlie first three ceriical roots manifests 
itself subjectively to the patient as ‘headache” o^er the occiput, the 
back of the head and the vertex This tjpe of headache has been com- 
monly spoken of in the literature as “induiative or rheumatic head- 
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ache/ and has been thought to be due to fibrositis or fibromyositis of tlie 
fascia, which these nen es pierce m order to gain the periphery 

Hartenberg commented on the association of indurative headache 
and arthntis of the cervical spine Indurative or rheumatic headache 
has so many stnking points of similiarity with arthritis that Patrick 
labeled it “arthritic headache ” Holmes showed that a pathologic 
process m the higher cervical vertebrae could be the cause of persistent 
headache and ascnbed it to irritation of the spinal roots that furmsh 
fibers to the occipital nerves In his case, tuberculosis of the first cer- 
■vical \ertebra A\as considered the causatne agent of irritation of the 
roots 

Patrick, in discussing indurative or rheumatic headache, ga\e an 
interesting reiieiv of the discover), by Scandanaiian masseurs, of 
tender nodules occurring in occipital, suboccipital and vertex headache 
He pointed out the inaccuracy of palpation of the nodules by masseurs 
and others, vhose anatomic and phisiologic knowledge w’-as not accurate, 
‘ Xodules can be felt b) an) one — and a masseur is especially apt to be 
feeling things — especially glands, subcutaneous fat, etc” Patrick did 
not believe that palpable nodules had any connection wath the disease 
He cited Auerbach, who found a nodule the size of a nut in one 
patient who presented S3mptoms, and a similar “kernal” m another 
patient vuthout svmptoms and in conclusion pointed out tlie necessit) 
for further investigation of localized lumps by “real pathologists, rather 
than b) masseurs ” In discussing indurative headache. Holmes cited 
!Mullei who insisted tliat the palpable nodules w’^ere not the essential 
factors of the headache but that the) were due to the higher tonus 
of tlie affected muscle which, on the other hand, was a result of latent 
arthritis in the adiacent lomts When a careful analysis of Patrick’s 
description of induratue headache is made, the radicular distribution 
of the radiation of pain and the factors common to cervical radicuhtis 
become strilcing S)mptoms, he stated, are brought on by stooping, 
straining coughing and generally, ph)sical exertion 

In 1927, Holbrook described a series of cases in which headache 
w as the prevailing s)-raptom H) pertrophic osteo-arthntis of the upper 
cerv’ical vertebrae was a constant observation 

In this senes of thirty cases eight patients complained of head- 
ache This group presented certain common s)'mptoms, which were 
characteristic enough to enable one to recognize the syndrome quite 

31 Holmes, Gordon Headaches of Organic Origin, Practioner 90.968, 1913 

32 Hartenberg, M , quoted bj- Patrick (footnote 33) 

33 Patrick. H T Indurative or Rheumatic Headache, J A M A 71 82 
(Juh 13) 1918 

34 Holbrook, C S Headache Due to Arthritis of the Cervical Spine, South 
lil J 20.22S (March) 1927 
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readily These were pain dependent on movement of the neck, or on 
relaxation of the supporting structures of the cervical spine, as in 
sleep, and aggravation or induction of symptoms by Dejerme’s sign 
(coughing, straining and sneezing) 

Headache was described as a dull ache, or soieness and burning at 
the occiput on either side, or both sides, which “shot” most commonly 
to the vertex, and less frequently radiated from the occiput to the side 
of the head and temples Headache was a symptom when the second 
or third cervical vertebrae, or both, were involved In order of fre- 
quency, subjective sensations at the vertex were piercing pain, tender- 
ness, soreness, buining or dull aching 

Symptoms were uniformly produced or aggravated by movement 
of the head According to frequency, Dejerme’s sign, sudden move- 
ment and raising the head on awakening were the most common aggia- 
vatmg factois The patient awakened at night with this pain and 
found relief by a change of position As previously pointed out, a 
haid bed was prefeired, the patient obtaining greatest relief when lying 
flat on the back The wearing of a splinting collar, heat, massage and 
stretching of the neck were measuies which gave relief On move- 
ment, audible crepitations in the neck were fiequently noticed 
Occasionally, tenderness at the occiput was observed The symptoms 
tended to disappeai after the patient had been up and around after rising, 
provided he did not mo\ e the neck suddenly 

The patient complained of “headache,” without the likelihood that 
actual headache existed The presenting symptomatology was that of 
pain and aching over the distribution of the first, second and third 
ceivical roots over the back of the head, and was always found when 
the second or third cervical vertebra, or both, showed an osteo-arthritic 
process Headache was not a solitar}^ symptom, but was found in 
association with symptoms over the area “up and down the back of 
the neck ” Symptoms over this area were associated with osteo-arthritis 
involving the fifth and sixth or seventh cervical vertebrae Headache, 
per se, as a symptom was not present in patients who showed a localized 
lower ceiwical osteo-arthritis, unless the upper cervical vertebrae also 
showed evidence of pathologic changes 

Involvement of the cervical roots with symptoms of headache may 
also occur m other pathologic processes of the higher cervical vertebrae, 
as pointed out by Holmes 

35 Holmes (footnote 31) Worthy of mention is one patient not included 
in this series, who presented symptoms over the distribution of the first, second 
and third cervical roots following an ankylosing process which involved the upper 
three cervical vertebrae The x-ray picture interpreted by the roentgenologist 
read “An old destructive process probably the result of an infectious arthritis ” 



232 


ARCHIVES OF INTERNAL MEDICINE 


Sore Neck and Painful SJwnIdeis and Aims — Discussions on spinal 
osteo-arthiitis associated with cervical radiculitis have been reported 
chie% in the French literature as rheumatic diseases of the spine and 
as rheumatic radiculitis In the older English literature, frequent 
references were made to the occurrence of brachial neuralgia and 
neuritis in “rheumatic and gouty people ” Buckley stated that, 
“apart from injur}^, gout is undoubtedly the most prominent etiological 
factor and in many cases the only discoverable cause, while in others it 
acts merely as a predisposing condition ” Rheumatism and gout were 
apparently used by the earlier French and English writers in a general 
manner, indicating the group of deforming arthritic diseases, lather 
than being restricted solely to the disease associated with disturbances 
in uric acid metabolism 

Buckley also observed sensory alterations such as anesthesia and 
hyperesthesia These changes were very slight, but often were present 
after other symptoms had disappeared Other reports can be found, 
such as Distin’s,®® in which the clinical description sti ongly suggested the 
presence of spinal osteo-arthntis and associated involvement of the 
spinal roots In this country, Bassoe,^“ Elliott and Nielsen asso- 
ciated cervical osteo-aithntis with radicular symptoms in neuritis of the 
shoulders 

Symptoms referable to the loAver cervical roots weie found in 
eighteen patients in this series Thirteen of these described symptoms 
“up and down the back of the neck” and the side of the neck, with 
radiation over the shoulders and the outer side of the aims One 
patient of this group complained of pain at the side and fiont of the 
neck , a diagnosis was made of adenomatous goiter with thyrotoxicosis, 
and the patient was referred to the University of California Hospital for 
th} roidectomy Observation on the surgical service failed to confirm 
the diagnosis, and the patient was referred to the outpatient department 
for further study Five patients complained solely of symptoms “up 
and dovn the back of the neck” Painful shoulders (fig 4D), or ach- 
ing and soreness on the outer side of the neck, and pain, aching, soreness 
and stiffness “up and down the back of the neck” (fig AC) were com- 
plained of when the fourth, fifth and sixth or seventh cervical vertebrae 
were ln^olved Pain ladiating down the outer side of the arms, often to 
the base of the thumbs, was part of the picture, and occasionally 
paresthesia in the fingers in the form of tingling and numbness was 

36 Camus (footnote 4) Len (footnote 5) 

37 Simon, R. M Brachial Neuralgia, Brit M J 2 71 (Juh 11) 1903 

38 Bucklej, C W Brachial Neuritis, Lancet 1 1042, 1904 

39 Distin, H A Note on Brachial Neuralgia, Bnt M J 1 124, 1904 

40 Nielsen,! M Radicular S 3 ndrome, J A M A 88 1623 (May 21) 1927 
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present Over the outer side of the aim, the symptoms were described 
as pain, aching or heaviness When the fifth and sixth, or fifth to 
seventh cervical vertebrae alone weie involved, the subjective complaints 
weie often restricted to the area “up and down the back of the neck,” 
between the cervical prominence and the occiput (fig 4 C) If the 
shouldei, 01 the acromioclavicular joint, was also the seat of arthiitic 
changes, ciepitation in the shoulder was an added symptom 

The caidinal symptoms were pain, aching and soreness, induced oi 
aggravated by movement of the spinal veitebiae, associated most com- 
monly with sneezing, straining at stool and coughing (Dejenne’s sign) 
and laismg the head on awakening Sneezing induced symptoms more 
often m the cervical spine than coughing or straining at the stool 
Other aggiavating factors and symptoms have been described m detail, 
m the section on general symptomatology 

Sensory tests with the cotton tuft, as previously outlined, weie con- 
ducted on all patients of this group Sensoiy changes weie, for the 
most pait, bilateral in distribution Hyperesthesia could be found moie 
often in the cervical region, m patients with symptoms of moie than 
five yeais’ duration, wheieas, in other regions, hypesthesia was common 
Anesthesia to the cotton tuft was noted in the cervical legion, when 
the symptoms weie of moie than five yeais’ duration, but did not occui 
as frequently as elsewheie Flattening of the thenar and hypothenai 
eminences was noted in certain patients, but actual paialysis of these 
muscle groups could not be demonstrated 

Physical examination usually showed lestiicted mobility of the 
cervical spine Motion induced ciepitations over the back of the neck, 
which could be heaid with the stethescope, and sometimes these weie 
palpable When aithritis of the shouldei joint was also present, ciepita- 
tions could be elicited on movement of the shoulder joint 

To the laity, the condition of painful shouldei s is commonly known 
as neuiitis, neuialgia and sore arms Because the pain is referied to 
this area, the shouldei joint receives consideiable undeseived attention 
Even the thyroid is not immune from suspicion when pain is lefened 
to the side and front of the neck Aithiitis of the shoulder joint and 
osteo-aithiititis of the cervical spine may exist together Eirois in 
diagnosis can be avoided only by a careful study of each case, taking 
into consideration the nature and distiibution of the symptoms, and the 
careful examination of the shoulder joint, as suggested by Patrick 
Sensory alterations, of the nature desciibed, cannot be explained by 
disease of the shoulder joint Involvement of the anterior cervical 
loots, resulting m confusion with the muscular atiophies of the upper 
extiemity and shoulder girdle, has been repoited 



234 ARCHIVES OF INTERNAL MEDICINE 

DORSAL RADICULITIS 

Hcmt Disease, Heait A^ewosis, Piilmonaiy and Pleural Disease and 
Opeiahons on the Bieast — ^In a paper on the importance of examina- 
tion of the spine in the presence of thoracic and abdominal pain, 
Phillips called attention to pain over the precordium simulating angina 
pectoris He did not test for sensory disturbances Kilgore,^- reporting 
a large series of cases with precordial pain, noted that in the normal 
group a common t}^pe of precordial pain was related to certain 
mo\ements of the left arm, position in bed, etc To the normal group, 
he applied the term “psuedo angina pectoris ” Although he did not 
ascribe the syndrome to spinal osteo-aithritis, he pointed out the 
character of the pain, vhich was diffeient from that of true angina 

Heait disease occupies the attention of the patient when the second 
to the fifth dorsal vertebrae are involved, and the phj-sician is apt to be 
misled by complaints of pain and aching over the precordium with 
ladiation in an angmoid manner toward the shoulder and the armpits, 
down the inner side of the arm and often to the small finger (fig 4/) 
To a certain extent, in inti ospective persons, tachycardia and fear of 
breathing are concomitant sensations Soreness and paresthesia, such 
as numbness and burning, aie also s}mptoms The physician recognizes 
the exaggerated appiehension of the patient, and the picture of the 
neurotic or the irritable heait, or, if the attack is severe, of angina 
pectoris IS simulated 

Unlike the condition in patients with angina pectoris, however, the 
blood pressure of these patients is either within normal limits, or other 
outstanding evidences of vascular disease are absent They get little 
lehef fiom the usual s-vmptomatic treatment, their complaints are per- 
sistent, the} see many ph} sicians and it is not unusual to find that they 
haie been labeled as “neurotics,’* or classed under other “waste basket” 
teims While the pain may radiate as in angina pectoris, the outstanding 
icature of this s}ndrome is the aggravation or onset of symptoms with 
moiements of the spine, e\en when the patient is at rest, such as being 
awakened at night b} pain, or onset of pain when sitting in a chair 
The nocturnal pains are relieved by a change of position The symptoms 
described in the paragraph on general symptomatology apply to 
this group also 

W hen the S} mptoms in the upper part of the chest are most severe 
on the right side and Dejenne’s sign to coughing and sneezing is 

41 Phillips John The Importance of Examination of the Spine in the 
Presence oi Intrathoracic or Abdominal Pam, Proc Interstate Post Graduate 
:Mcdical Association of North America, Kansas City 3 79 (Oct 17-21) 1927 

^12 Kilgore E S Angina Pectoris and Pseudo-Angina A Clinical Study with 
E-:pecnl Reference to Lancinating Pam, J A M A 87 455 (Aug 14) 1926 
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positive, the condition may be diagnosed as tuberculosis or pleurisy 
If the patient is a woman in the cancer age, she and the physician focus 
considerable attention on the breasts, and operation for the removal of 
a “pea-sized” benign cyst may be the result 

Symptoms over the distribution of the upper five dorsal loots were 
found in ten patients Of these, tuberculosis with pleurisy had been 
diagnosed in one, and pleurisy of the left side in another In the 
former patient, at the time of onset, Dejerine’s sign was positive to 
coughing and sneezing The symptoms were greatest on the right and 
were confined to the area supplied by the second to fifth dorsal roots 
These circumstances led to a diagnosis of tuberculosis with pleurisy 
In the history, sufficient weight was not given to the fact that the 
pain was radicular in distribution, and movements of the spinal column, 
such as stooping and getting m and out of bed, were as prominent m 
the induction of symptoms as were coughing and sneezing The labora- 
tory work, necessary to confirm a diagnosis which was to alter this 
patient’s mode of living, was not obtained Four patients, including the 
one whose condition was diagnosed pleurisy of the left side, complained 
of heart trouble and were examined for cardiac disturbances (fig 5) 
Three had symptoms across the upper part of the back, between the 
shoulder blades Two patients, who did not have complaints referred to 
this aiea, were found to have suffered fiom distmbances over the 
upper part of the chest and back in pievious yeais One of the lattei 
patients has been included m those who complained of heait tiouble 
One patient in the cancer age had a benign cyst, the size of a pea, removed 
from the left breast The surgeon remaiked that the amount of pain and 
disability was not accounted for by the cyst The same patient, at 
another examination, was said to be neurotic, because of the diffuseness 
of her symptoms 

Gastric Disturbances and Diseases of the Gallbladder — Osteo- 
arthritic involvement of the sixth, seventh, eighth and ninth dorsal 
vertebrae was associated with pain, burning, tingling, heaviness, pressure 
and stabbing, and “gas” in the epigastrium, and the patient associated 
these symptoms with the digestive appaiatus For such conditions, 
It was not uncommon for patients to have consulted gastro-enterologists 

Involvement of the same roots, with manifestations gi eater on the 
right side, was revealed as pain or aching over the nght uppei quadrant 
with radiation along the ribs to the shoulder blade, or across the abdomen 
This area, the topographic distribution of dorsal roots six to nine, is the 
same area over which pain from a diseased gallbladder is referred 
(fig AG) Pam m this region must be differentiated from disease of 
the gallbladder Osteo-arthritis of the spine with root pain may account, 
perhaps, for the large percentage of operations on the gallbladder that 
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fail to gne lelief Muller,"*^ in a discussion of the noncalculus gall- 
bladder, pointed out that from 30 to 40 pei cent of patients still com- 
plain of symptoms after operation, and he urged against the diagnosis 
of disease of the gallbladdei on thieshhold symptoms, and against 
operation m the absence of gioss demonstiable lesions, as shown by 
cholecystography and other methods The observations in this series 
indicate the necessity of a careful analysis of each case, and the pres- 
ence of osteo-arthritis of the spine should be given due consideration 
in the absence of outstanding symptoms of disease of the gallbladder 
Garnett,'*^ in a discussion of the disease of the gallbladder simulated 
by intercostal neuralgia of the abdominal wall, also discussed the problem 
of the unsatisfactoiy end-iesults of operation on the gallbladder without 
calculus 

Disease of the gallbladdei and radicular symptoms m spinal osteo- 
arthritis may coexist The train of symptoms produced by each can 
be sepal ated quite leadily 

Fourteen patients presented symptoms over the distribution of the 
sixth to ninth dorsal roots, six patients complained of stomach trouble 
and pain in the left hypochondrium Thiee of these had first visited 
gastio-enteiologists One history of the thiee disclosed a long list of 
therapeutic procedures, including surgeiy and a Sippy diet, all of which 
had been tiied without success Both the patient and the physician 
considered the symptomatology of gastro-intestinal origin The history 
did not show any cleaicut indication for the Sippy regimen, and oui 
examination and laboiatory procedures likewise directed attention away 
fiom the gasti o-intestinal tiact Interestingly, another physician had 
prescribed an orthopedic belt for the patient, and it also had failed to 
furnish lelief Examination of the belt showed it to be of the “lo\v- 
back” ^allcty, designed for support of the lumbar spine It was not 
long enough to furnish any sort of support to the mid-dorsal spine where 
support was most needed This mistake indicates the necessity of the 
physician liaxing a working knowledge of the distribution of nerve 
roots To be eftectue, a belt for relief of radicular pain of the lumbar 
region should be laige enough to support the mid-dorsal and low^er 
dorsal legions of the spine 

Four patients presented symptoms ovei the distribution of leferred 
pain of the gallbladder, and three were originally' studied for disease 
of the gallbladder One history of the three showed entiies in the car- 
diac clinic for angina pectoris (precordial pain), in the gastro-intestinal 

43 klullcr, G P The Noncalculus Gallbladder, J A M A 89 786 (Sept 3) 
1927 

44 Garnett, J B The Simulation of Gallbladder Disease by Intercostal 
Neuralgia of the Abdominal "Wall, Ann Surg 86 747 (Nov ) 1927 
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clinic for chronic cholecystitis (pain in the right upper quadiant) and 
in the surgical clinic for chionic appendicits (pain in the light lower 
quadrant) The symptoms varied only m their location (fig 5) The 
fourth patient had a chronic fibious cholecystitis, without stone, and 
radicular symptoms coexisting Cholecystectomy failed to relieve the 
outstanding symptom, pain Another patient, m whom exploiatory 
laparotomy revealed a carcinoma of the gallbladder, presented symptoms 
of chronic cholecystitis, which weie partially masked by the symptoms 
of an upper dorsal ladicuhtis with pain over the piecoidium and a 
mid-doisal radiculitis with involvement of the same roots over which 
pain IS referred from the gallbladder Sensory alterations, consisting 
of hypesthesia to the cotton tuft weie present One case was diagnosed 
as pleurisy, of the right side, and one patient in addition complained 
of radicular headache The past history of one patient who did not 
have any complaints lefeiable to the mid-doisal roots revealed an area 
of loot distiibution that had previously been tioublesome 

Pseiido-AppcndtaUs — Discussions of extra-abdominal lesions as the 
cause of a syndrome simulating appendicitis have been presented by 
Carnett,^® a surgeon, and by Phillips,'^^ an internist The foimei 
reviewed the literature of so-called psuedo-appendicitis, and asciibed the 
condition to intercostal neuralgia of the lower intei costal neives He 
discussed the methods of differentiating this condition from acute and 
chronic appendicitis 

Phillips called attention particularly to the osteo-aithiitic spine as a 
cause of irritation of the lowei dorsal loots Symptoms were manifested 
peripherally as pain over the lower part of the abdomen, and included the 
region of the appendix 

Reference to figure 3 shows that the tenth to twelfth dorsal roots 
supply the aiea over the lower part of the abdomen between the 
umbilicus and inguinal ligaments, and posteriorly between a line drawn 
through the twelfth dorsal spine, above and the iliac crests, below In 
this series, it was found that when the tenth to twelfth dorsal roots 
were affected, the appendix received considerable attention when the 
symptoms were greatest on the light, in women, the tubes and adnexa 
pieceived attention when the symptoms were greatest on the left Pam 
aching and stabbing (the latter usually in the right lower quadrant), 
which was referred to the small of the back, or began there and ladiated 
forwaid across the abdomen, were the commonest complaints and were 
associated with osteoarthntic involvement of the tenth to twelfth dorsal 
vertebrae As shown in the section on general symptomatology, symp- 

45 Carnett, J B Chronic Pseudo-Appendicitis Due to Intercostal Neualgia, 
Am J M Sc 174 579 (Nov ) 1927 , Acute and Recurrent Pseudo-Appendicitis 
Due to Intercostal Neuralgia, Ibid 174 883 (Dec ) 1927 
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toms N\ere induced by movement, as in walking, stooping and bending, 
and uere associated with coughing, sneezing and straining, or came 
on at night when the patient slept Relief was obtained by mechanical 
means, such as stiappmg the back Sensory changes in this area were 
similai to those found in other regions 

Fifteen patients in this series had s}mptoms over the distribution 
of the tenth to twelfth dorsal roots, associated with osteo-arthntis of 
the adjacent vertebrae Four of these complained chiefly of disturbances 
m the light lower quadrant, two had been operated on for appendicitis 
without lelief of sjmptoms and a third had been urged to submit to an 
appendectomy (fig 5) The last patient still has her appendix One 
of the tvo patients who had been operated on for chronic appendicitis 
showed an isolated osteo-arthritic involvement of the ninth, tenth and 
eleventh dorsal veitebrae The outstanding symptom in the post- 
appendectomy cases and in the patient who refused to submit to the 
opeiation, wns pain dependent on movement of the spine, or associated 
with coughing, straining and sneezing The presence or absence of 
the appendix has not altered the situation at all, for each continued to 
sufler from pain Four of eleven who complained of pain across the 
lower pait of the abdomen, also complained of backache across the small 
of the back Two had undergone operations on the pelvis organs, 
without relief of symptoms 

If the existence of pain referred from a distant point with origin 
in the spine is kept in mind in the difrerential diagnosis in conditions of 
the lower pait of the abdomen, particularly in patients ovei the age of 
35, the diagnosis of appendicitis based on minimal symptoms will not 
be made in the absence of the older of occurrence of synnptoms, as 
sticssed so stiongly by the late John B Murphy*® A history, care- 
fully' elicited, will bung out the relation of pain to movement, and 
to coughing, sneezing and stiaining, and other root areas not complained 
of at the time w ill be uncovered 

LUIMBAR RADICULITIS 

Moalgw Pm esiheUca and Aifhiitis of the Hip Joint — Pam, burning 
or aching stai ting o\ er the upper part of the thigh at oi behind the iliac 
crests, at the sides of the thigh wuth radiation into the inguinal ligament 
area or downwaid across the front of the thigh to the knee (fig 47), 
were complained of by' six patients w'ho show'ed an osteo-arthi itic pioc- 
ess localized to the uppei lumbar vertebrae Rosenheck^* and Bassoe*=“ 
considered osteo-aithritis in this region of the spine a cause of so-called 


46 klurph\ , J B , quoted b\ Cope in The Early Diagnosis of the Acute 
Abdomen ed 4, London Oxford Medical Publications, 1927, p 62 
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meralgia paresthetica Stookey did not consider Rosenheck s cases as 
true meralgia paraesthetica, because of the radicular nature of then 
disturbances When symptoms are confined to the upper part of the 
thigh, the pain, as in the region of the shoulder, is often ascribed to 
arthritis of the adjacent joint In this series, the fabeie^® sign, as 
suggested by Patrick,^^ was noted Cases were not included in this 
group unless the symptoms and sensory changes were purely radicular 
in distribution 

REPORT OF CASE 

P A, a housewife, aged 40, had suffered at various times during the past ten 
years from pam up and down the spine, pain, soreness or burning, which radiated 
from the small of the back to the lower part of the abdomen, pain up and down 
the back of the neck, and occipital “headache” which sometimes radiated to the 
top of the head Movement, such as getting m and out of bed, induced or 
aggravated symptoms Fourteen months before examination an appendectomy was 
performed, because of the pam m the lower part of the abdomen The symptoms 
were not relieved 

The symptoms of her present illness were pain, soreness and burning, beginning 
at the iliac crests, more severe on the right and radiating down the outer side of 
the thigh over the distribution of the lateral femoral cutaneous nerve of the thigh 
On questioning, it was found that radiation also extended across the front and 
the inner side of the thigh to the knee The total area of subjective disturbances 
covered the distribution of the first to the third lumbar roots (fig 4/), which was 
made up of four peripheral nerves the lateral femoral cutaneous, the anterior 
femoral cutaneous, the lumbo-inguinal and the iho-ingumal nerves of the thigh 
Symptoms were worse during the night, and were induced or increased by straining 
at stool, sitting in one position any length of time or attempting to rise from a 
chair 

Physical examination revealed two operative scars, one in the midline and one 
over the McBurney area Marked tenderness to pressure was present below the 
anterior iliac spines Examination of the back showed moderate restriction of 
mobility of the lower part of the dorsal spine Sensory examination with the 
cotton tuft revealed hypesthesia over the back of the neck, and between the upper 
parts of the shoulder blades, corresponding to the fifth to the seventh cervical 
roots, hypesthesia over the small of the back between the twelfth dorsal spine and 
the sacrum, corresponding to the ninth to twelfth dorsal roots, and over the upper 
sides of the thigh, the front and inner sides corresponding to the first three lumbar 
roots The fabere sign was not elicited Gastro-intestmal consultation, including 
a gastro-intestinal series, genito-urmary consultation and cystoscopy and gyne- 
cologic consultation failed to uncover pathologic changes that would explain her 
symptoms The consultants felt that the source of the trouble was outside the 
abdomen The Wassermann reaction of the blood and the results of a Kahn test 
were negative X-ray examination of the spine showed osteo-arthritic changes 
about the first, second, sixth and seventh cervical vertebrae, the sixth dorsal 
vertebra, the ninth to twelfth dorsal vertebrae and the first lumbar vertebra 

47 Stookey, Byron Meralgia Paraesthetica Etiology and Surgical Treat- 
ment, JAMA 90.1705 (May 26) 1928 

48 The word “fabere” was introduced by Patrick to describe the movements of 
the thigh, m performing the maneouvers of this test, namely, flexion, abduction, 
external rotation and extension 
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Comment — In the history of the chief complaint, the patient pre- 
sented S}mptoms of pain and paresthesias o\er the distnbution of the 
lateral femoral cutaneous nerve of the tliigh (old term, external cuta- 
neous) Objectne sensor}* disturbances were present in this area Had 
the patient not been questioned regarding the total radiation of the sub- 
jective disturbances, the radicular nature of the sj-mptoms vould not 
have been clear Confimng oneself to the chief complaint, pam and 
paresthesias along the lateral aspect of the thigh, this case might ha\e 
passed for one of meralgia paraesthetica Disturbances in tins patient, 
ho V ever, vere bilateral (fig 4/), and symptoms were dependent on 
movement of the spine and Dejenne’s sign Wlule meralgia paraestlietica 
b} definition is a syndrome affecting a peripheral nerve, namely, the 
external cutaneous neiwe of the thigh, it is readily seen that the radicular 
nature of the osteo-arthntic syndrome affecting tlie roots of origin of 
this nene might easily be overlooked Rosenheck^'* particular!} 
pointed out that the condition knonn b} definition as meralgia paraes- 
tlietica has not been separated from the painful paresthesias of tlie 
thigh of radicular distribution, due to spinal osteo-arthritis 

Sciatica — Localized pain over the sacrum and often present in con- 
junction with pain on the inner sides of tlie legs (fig 4B), or pain o\er 
the sacrum radiating downward o\er the anatomic distribution of the 
first and second sacral spinal roots (fig 4A'), vas found when an osteo- 
arthritic process \%as present am where below the le^el of the third 
lumbar -vertebra A similar condition and distribution also were found 
when a sacrahzed transverse process of the fifth lumbar \ertebra or 
disease of the sacro-ihac joint was present Distribution of pain o\er 
the first and second sacral roots is commonl} called sciatica and includes 
the cutaneous distribution of the posterior cutaneous nerve of the thigh 
and the peroneal dnision of the sciatic nene Paresthesia, such as 
numbness and tingling oier the posterior surface of the thigh and 
oier the dorsum of the foot, w'ere occasionally sjmptoms 

The radicular nature of sciatica, wnth its subjective and objectne 
sensory disturbances, has been recognized by orthopedists and has been 
amply desenbed by Danforth and Wilson,^^ and by others Our 
patients showed objectiAe sensory alterations as tested with the cotton 
tuft and subjectne disturbances dependent on motion, such as walking, 
bending and lifting and on straining, coughing and sneezing 

S}mptoms o-ver the roots, which are commonly imohed in so-called 
sciatica, w’ere present in tv^ enty-three patients Backache (localized 
pain o\er the sacrum) was the outstanding s}mptom Saatic radiation 
occurred in sixteen patients Backache, concomitant wnth pain on the 
inner sides of the legs was present in se\en One patient demonstrated 
sensor} changes o-ver the root distribution of sciatica at a time when 
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active symptoms weie absent Spinal osteo-aithritis coexisted with 
disease of the peiipheial joints The two conditions were also associated 
in four other patients Symptoms weie first noted thirty-five years befoie 
examination, and they weie quiescent except in the legion of the 
gallbladder The history, however, was abundant m its information of 
the onset, progressive involvement of vaiious spinal roots and session 
of symptoms in the various root areas duiiiig the many years Bilateral 
sensory disturbances were demonstrable with the cotton tuft 

The most marked sensoiy distuibances of the entire series were 
found m a patient who complained of sciatica Osteo-arthiitic changes 
111 the lower lumbar veitebrate and a left unilateral sacialized tiansverse 
piocess of the fifth lumbar veitebrae coexisted Complete anesthesia 
to pain over the fifth lumbar and first sacial loots, and hypesthesia to 
the pm over the second sacial root was piesent on the same side 

Tender points along the sciatic neive were not found The 
Lasegue sign was inconstantly elicited and when piesent was extiemely 
mild 

SUMMARY 

Radiculitis may be defined as a symptom-complex manifested by 
alterations of sensation or of changed motor function, which show by 
their distribution that the disease is in the spinal root The radiculai 
syndrome in hypertrophic osteo-aithiitis of the spine, as seen in this 
study, consisted of lestricted mobility of the spine, root pains and root 
sensory alterations, produced or aggravated by movement, and associated 
with Dejerme’s sign 

In the history of the chief complaint, it is commonly found that 
the patient outlines the cutaneous distribution of the root or roots 
involved with anatomic accuiacy In the past history, however, areas 
which were tioublesome at some pievious date, but were symptomless 
at the time, are not always outlined with the same degree of accuracy 
The past histoiy then becomes extiemely important If it is gone into 
carefully, previous symptom-bearing areas will be accurately outlined by 
the patient In either event, it is impoitant to deteimine the limits of 
each painful aiea and the extent of ladiation of symptoms, because, in 
ceitain legions of the body, roots that are widely sepaiated in the cord 
supply adjacent cutaneous aieas (The aieas bordering the heavy lines 
in figure 3 should be noted ) If this procedure is adopted, the past 
histoiy of even the appaiently silent case will yield a story of chrono- 
logical progiession oi i egression and quiescence of the disease, and 
symptoms that indicate the involvement of various spinal nerve loots 
over a period of years The charting of such cutaneous areas of nerve 
root distribution and a listing of the loots involved will enable one to 
anticipate the extent of the x-iay evidence of the osteo-arthntic piocess 
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?ai- El Trnldi ETrakens the patient and necessitates a change 

of nosition for reLef, is a common s3mptom Although the patient 
ccmplains of one side more than the other, bilateral s^miptomatolog}- 
:s tne rule the right side recencng more attention over the abdomen, 
and the left side over the upper parr of the chest and the precordium 
Questioning is sometimes necessar}* to bring out the bilateral nature 
of rnrptcms QiaractensPc of this s3'ndrome is the root distribution 
of tne simptcms. Zsleasures v.-h:ch amord sj-mptom-atic rehef are Ipng 
hat cn me Oack or on a preferred side a hara mattress the placing of 
DC arcs 'under the rrattress, the vrearing of a corset or other mechanical 
mear^ of immobilizing adequatel}* the amected vertebrae and ph3Sio- 
trerap;- such as baking, heat and massage 

The outstan ding stnnptom of this S3'ndrome is pain It is vanoush 
descnced according to the patients mode of expression S3'mptoms 
are cependent on three factors (1) movement of the spinal coliunn 
'2; relaxation of the supporting musculatures of the spinal vertebrae 
and ( 3 i me chan cal factors vrhich increase intraspinal pressure, such 
as cougtiirg sneezing and straining as at the stool These three acts are 
grouped together 'under the name of Dejerine s sign 

Uncer the heading of movement t3'pical phrases v.'ere encountered 
$*-01 as nsirg after having been in a sitnng position raismg the head 
cn av.'al ening getting out of bed, vralldng, sitting in one place for ant 
lengin of ttmiC a chiange of posraon v.'hJe sitting or hmg, stooping, 
stra-ghtemng after naving been bent over inabihi3' to sit up in bed from 
the Suome pcsmon ana tlie neces5.t3' of rolhng out of bed on one side 
or the other Under trus categor3' mav also be mcluded the reproduction 
of S3'mptom5 occurring during the various mo'sements to v.hich the 


spinal column is subjected vrhen it is being tested for mobiLtv* The 
mechanism in*, olved 'under ‘ relaication of the supporting musculatures 
of the spinal vertebrae explains the occurrence at night of S3*mptorns 
V. n-cli av aken the patient from sleep the neces5it3' of a change oi 
pcs *uon at mght to obtain rehef from pain the preference for a hard 
bed anc the rehef obtained b} placing boards under the mattress The 
nreserce of the titirc factor Dejerire s sign is a useful sign in root-zone 
u-sease- Tius has been indicated b3' Dejerine*” and b3' i\Ia3er"* 
Dsjtrzes sign also occurs in other forms of disease of the spinal 
rests and dees not ^ve a due to the etiolosric factor. The presence 
of crac-J, ng m the nee'* shoulders hips or knees during movement, 
Kebmcen s redes and x-rzy e'tidence of sp,nal osteo-arthritis, vrhen 
assedated v.‘itr Dejerine’s s’gn ftmrtish presumpp*re e'.udence of the 
ostec-arti'ntic et:olog3 . 

The sensor.' examiraticn requires great care and patience One 
or tmo areas mere selected at a given e'^'amination 'usual!3' the area 
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of the chief complaint Other aieas were left for examination at 
another time The selected area was tested once, the outlines of the 
involved area were recoi ded and no other sensory examination was made 
at that visit This procedure was adopted because of the ease with which 
patients fatigue to the examination of light touch, and the confusion 
of lesults obtained when examination was continued after fatigue 
had set in 

Bilateial sensory changes were found, which consisted most com- 
monly of hyperesthesia, hypesthesia or anesthesia to the cotton tuft 
Marked hypesthesia oi anesthesia with the cotton tuft was associated 
with slight hypesthesia to the pinpoint Hyperesthesia to the cotton tuft 
was commonly present when the onset of symptoms dated within one 
year, or when an exacerbation of symptoms occurred in a given area 
within a year Hypesthesia and anesthesia to the cotton tuft weie com- 
mon m patients whose symptoms extended beyond a five yeai pei lod In 
the area over the back of the neck, side of the neck and shoulders, the 
time relations weie not so constant, hypeiesthesia being moic common 
than m other regions, even in patients with symptoms of many yeais’ 
duration 

In patients with a long standing, diffuse, osteo-aithntic involvement 
of the spine, sensoiy changes weie difficult to demonstrate, unless the 
hypesthesia was marked, or unless anesthesia to the cotton tuft was 
present Such patients seemed to have a dulled sensorium to light 
touch over most of the body, and slight changes to light touch could 
not be demonstiated satisfactorily because of the lack of an unaffected 
area, other than the face, to use as a standard foi comparison 

The physical examination revealed lestricted mobility of the spine, 
varying from the involvement of a few vertebiae to the poker-hke 
rigidity of the entire spine, which was seen in one patient The veitebrae 
affected coi responded consistently to the origin of the roots involved, 
as determined in the history and in the sensory examination The his- 
toiy and sensory examination, in turn, enabled one to anticipate 
accuiately the pathologic process shown by the x-iay examination 
Laboiatoiy procedures, including the Wasseimann test of the blood, 
gave normal values, or weie negative The results of the Wassermann 
test on the spinal fluid and the colloidal gold test, done on four patients, 
were negative 

An analysis of thirty cases of hypeitiophic osteo-arthiitis has been 
presented Cervical radiculitis was found in twenty-six patients 
Headache was a symptom m eight patients with cervical ladicuhtis, and 
was associated with osteo-ai thritic changes in the second and third 
cervical vertebrae Cervical radiculitis, with symptoms “up and down 
the back of the neck,” was found in five patients who showed a pathologic 
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process in the fifth and sixth or seventh cervical vertebrae Thirteen 
patients described symptoms “up and down the back of the neck,” with 
radiation over the sides of the neck, shouldeis and outer side of the 
arms This group was associated with an osteo-aithiitic process in the 
fourth, fifth and sixth or seventh cervical vertebrae A mistaken 
diagnosis of thyioid disease was made in one patient 

Dorsal radiculitis, with symptoms over the distribution of the upper 
five dorsal loots, was found in ten patients Diagnoses had been made 
of tuberculosis with pleurisy, pleurisy of the left side, angina pectoris, 
heart disease and cardiac neurosis One patient had a benign cyst the 
size of a pea removed from the left breast, without relief of symptoms 

Fourteen patients presented symptoms of a dorsal radiculitis over 
the distribution of the sixth to ninth dorsal roots Six of these com- 
plained of stomach trouble, and three had first consulted gastro- 
entei ologists Four patients presented pain simulating disease of the 
gallbladder Of these, one had a chronic fibrous cholecystitis without 
stone, and was not relieved by opeiation, and in one patient who had a 
caicmoma of the gallbladder, the visceral symptoms were paitially 
masked by the radicular pain One case was diagnosed pleuiisy of the 
light side Two patients, who complained of backache across the 
region of the lower pait of the chest, were also found to have had 
symptoms fiom the same roots ovei the area of the gallbladder at an 
earlier date 

Dorsal radiculitis with symptoms over the distribution of the tenth 
to twelfth dorsal roots was found m fifteen patients Four complained 
chiefly of the right lower quadrant and required a differential diagnosis 
from chionic appendicitis Two had been operated on for appendicitis 
without lelief, and one had been urged to submit to an appendectomy 
There was little difference m the symptoms of two patients who had 
submitted to appendectomy and the one who had been uiged to do 
so and had refused The outstanding symptom m each instance was 
pain Of eleven patients who complained of bilateral pain across the 
lower part of the abdomen, four complained of backache across the 
small of the back, and two had undergone opeiations on the pelvic 
organs without lelief of symptoms 

Six patients piesented symptoms of a lumbai ladicuhtis over the 
distribution of the first three lumbar roots, simulating so-called meralgia 
paraesthetica 

Lumbar radiculitis, with symptoms over the distribution of the 
fourth and fifth lumbar roots, and the fiist two sacral roots, was found 
in tw ent)'-thi ee patients The symptoms of this group are commonly 
included under the diagnosis of sciatica Sixteen patients of this group 
complained of backache (pain localized ovei the sacrum) wnth sciatic 



GUNTHER-KERR— HYPERTROPHIC O ST EO -ARTHRITIS 245 


radiation, and seven complained of backache (pain localized over the 
sacrum) associated with pain on the inner side of the legs 

The se\ ere upper dorsal bowing, postural deformities, neck weakness 
and muscle atrophies, described by von Bechterew,^ Strumpell - and 
Marie,^ vere not observed in our patients This study concerned, for 
the most part, the patient whose ^ ertebral changes were not marked 

H} pertrophic changes m the knee, hip, shoulder or acromioclavicular 
joints were present in five patients Subjective and objective sensory 
disturbances were present m these patients, and did not differ m any 
va} from the disturbances observ'ed when the process was confined to 
the spinal column In one case of “poker spine” and invohement of the 
peripheral joints, active neurologic s3'mptoms were minimal The past 
histor}’, however, revealed S}TTiptoms indicating a progressive involve- 
ment of various spinal nerr^e roots, with a subsequent quiescence during 
a period of thirty-five years Bilateral sensory changes could be dem- 
onstrated with the cotton tuft The x-ray examination revealed a mixed 
process consisting of the ordinary spur formations, atrophy of the bodies 
of the vertebrae, and calcification of the anterior ligaments 

Pam m the spinal column, localized to se\eral vertebrae, as elicited 
b}' hearty percussion in Pott’s disease and m new growths of the cord and 
vertebrae, was not found m this study The root pain seen m this 
series vas in no instance as severe as that seen in the former two 
conditions, and it lacked the spontaneity of the pain seen in tumors of 
the cord and vertebrae Although symptoms interfered with sleep, m 
no case did the patient find relief by walking the floor or sleeping m 
a chair, as occurs m patients with new growths of the vertebrae and 
spinal cord This fact was stressed by Parker and Adson Such 
maneuvers in^^ariably aggravated the S3’mptoms in our patients The 
skin, overl3ing the spinous processes, was sometimes tender vhen the 
spinal roots to that particular cutaneous area were imolved Root 
S 3 'mptoms and radicular sensor3'- alterations were constantly associated 
with osteo-arthritic changes in the adjacent vertebrae 

DIAGXOSIS 

The diagnosis of the radicular syndrome associated with spinal 
osteo-arthritis resolves itself into a careful history-anatysis in which the 
symptom-bearing areas have been accurately determined, and their dis- 
tribution compared with that of the spinal roots and the peripheral 
nerves The radicular S3ndrome is characterized by distribution of 
S3mptoms according to spinal roots The sensory alterations are also 
distributed according to the topography of the spinal roots Bilateral 
sensory changes can be demonstrated with the cotton tuft The presence 
of such changes, corresponding to the spinal vertebrae imohed, is 
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diagnostic The demonstration of alterations in the sensation of light 
touch, however, is not essential to the diagnosis The outstanding 
characteristic of this syndrome is the relation of root symptoms to move- 
ment of the spinal column, their association with Dejerine’s sign and the 
presence of hypertrophic osteo-arthritic changes in the adjacent ver- 
tebrae, which enter into the formation of the foramina of exit of the 
involved roots 

In the history of the chief complaint, the distribution of a root or 
group of roots is usually demonstrated accurately These symptoms 
are most often the ones confused with the pain of visceral disease The 
occurrence of bilateral pain, which may be greater on one side, over areas 
corresponding to the topography of the spinal roots, produced or 
aggravated by movement of the spine, as described, and associated with 
coughing, sneezing or straining, indicates the piesence of a radiculitis 
Root symptoms occurring dunng the day^ induced by movement or 
proti acted sitting, pain at night, which interrupts sleep and is relieved 
by a change of position, and a return of symptoms on awakening as the 
head is raised from the pillow is a characteristic and diagnostic train of 
circumstances When one or more of these are found in the history of 
the chief complaint, or in other similar symptom-bearing areas, a tenta- 
tive impression of radiculitis should be entertained The induction or 
aggravation of root symptoms by one of the triad of coughing, sneezing 
or straining makes the presence of the radicular syndrome a certainty 
The association with clinical evidence of an osteo-arthritic process fur- 
nishes presumptive evidence of the complete syndrome Diagnostic 
aids of lesser value are the symptomatic relief obtained by strapping, 
the wearing of a supporting corset and physiotherapeutic measures, such 
as massage and heat 

In the difterential diagnosis of simulated visceral disease, the histoiy 
IS most important In the radicular syndrome associated with spinal 
osteo-arthritis, the history discloses other symptom-bearing areas with 
symptoms similar to those of the chief complaint The distribution of 
symptoms is sometimes most diffuse, but is always characterized by a 
radicular topography The physical examination shows varying grades 
of restriction of mobility in the spine, and these indicate the vertebrae 
which form the intervertebi al foramina of the involved roots The 
cutaneous areas of the loots, as determined in the history, should cor- 
lespond to those legions of the spinal column showing impaired mobility 
For example, sj'mptoms over the lower part of the abdomen between 
the umbilicus and the inguinal ligaments are due to involvement of the 
tenth to the t\\elfth dorsal roots 0\er the back, these roots supply 
the cutaneous area directly overlying the spinous processes of the lumbar 
vertebrae The restriction in mobility should be present in the lower 
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part of the doisal spinal column, since these roots emerge from the 
foramina between the ninth dorsal and the fiist lumbar vertebrae The 
data of the involved loots, obtained from the history, and the restricted 
mobilit}’’ of the spinal column, found in the physical examination, enable 
one to anticipate with considerable accuiacy the vertebral involvement 
that the x-ray examination will show 

When piopeily done, the sensory examination with the cotton tuft 
will reveal alteiations m sensation of a radicular nature, corresponding 
to the aieas of subjective sensory disturbances and to the levels of the 
vertebial pathologic changes 

The presence of a ladicuhtis having been established, m the absence 
of syphilis, the history of diffuse root symptoms dependent on move- 
ment and associated with coughing, sneezing or straining, the diffuse 
sensory changes to light touch, the impaired mobility of the spine, the 
absence of local vertebial tenderness, the piesence of cracking in the 
neck and othei joints, the presence of Heberden’s nodes and x-ray 
evidence of an osteo-aithiitic process m the vertebrae adjacent to the 
involved roots establish the radicular syndrome m hypertrophic osteo- 
arthntis of the spine The x-ray examination also aids m ruling out 
metastatic veitebial carcinoma and other destiuctive processes of the 
vertebrae and cord 

COMMENT 

Hypertrophic osteo-aithiitis of the spine is a common disease It 
IS conceivable that symptoms attending involvement of the nerve roots 
may be present as the sole cause of disability in the absence of visceral 
disease, or may coexist with visceral disease It is not unusual to find 
that the radicular pain of hypertrophic spinal osteo-ai thritis will bring a 
patient into the hospital as the chief apparent cause of disability, when a 
serious but less outspoken chronic visceral disease is also present, but 
masked by the striking symptoms of the former On the other hand, 
this syndrome may simulate visceral disease and, as seen m this study, 
It becomes a likely explanation of the unsatisfactory results sometimes 
obtained m operations Our analyses indicate that m adults over the 
age of 35, m whom pain is an outstanding symptom, a careful analysis 
of symptoms is necessary Especially important is such an analysis 
when exploratory operative procedures are contemplated for the relief 
of vague abdominal conditions When impaired mobility of the spine 
IS present in regions which correspond to the cutaneous area of symptoms 
according to spinal roots, the radicular syndrome should be considered 
as an explanation of symptoms If the ladiCular syndrome is present. 
It should be accorded a proper place in the disease picture, since it may 
simulate many visceral diseases, and in turn may mask the presence of 
visceral disease which may not be as outspoken in its symptomatology 
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CONCLUSIONS 

1 Hypertiophic osteo-artliritis of the spine, root pain and radicular 
sensoi}' alterations are deBmtely to be associated as a clinical S}'ndiome 

2 The symptoms of the syndrome are dependent on movement of 
the spine, relaxation of the supporting spinal musculature oi coughing, 
sneezing and straining 

3 The syndrome is characteristic enough to peimit clinical recog- 
nition 

4 The symptoms of the S 3 '-ndrome aie independent of the visceral 
diseases which they simulate, and can be differentiated from the Msceial 
diseases vith which they may coexist 



THE CARDIOVASCULAR PROBLEM IN PNEUMONIA ■!' 


B M RANDOLPH, MD 

WASHINGTON, D C 

It has been lepeated so often that death fiom pneumonia is the 
lesult of heait faihiie that this view seems to be accepted geneially 
by the medical profession ^ The fiequent obseivation of a dilated right 
side of the heart, with more oi less evidence of toxic myocaiditis at 
autopsy seems to be the basis for this assumption If it is true that the 
patient with pneumonia dies only because the heait muscle gives way, 
the clinical data observed during life should corroborate this fact If 
It IS not true, it is impoitant, from the standpoint of both theiapy and 
prognosis, that the tiue pathologic physiology of the disease should be 
undei stood 

The tenninal dilatation of the heait is commonly believed to result 
from the combined effect of two factors (o) the impairment of 
functional integrity thioiigh the mjuiious action of the toxins of the 
infection on the muscle tissue of the heart, and (&) the increased cardiac 
load lesulting from obstruction to the pulmonaiy circulation, due to the 
presence of the inflammatory exudate in the lung tissue 

Theie can be no question that these factois exist That they aie 
the factois of piimaiy impoitance in the clinical picture is open to 
doubt 

On the assumption that failure of the heart muscle is fundamental 
m mortality from pneumonia, theie has grown up a theiapy that is widely 
practiced in the United States, namel}'-, the routine administiation of 
digitalis “ This practice has become much moie geneial since the World 
War Fiom my experience and fiom the obseivation of the work of my 
colleagues, I have formed an opinion that is at vaiiance with the one 
commonly accepted This opinion is that the loutine tieatment with 
digitalis for pneumonia is ineffective , that not infrequently it is injuiious, 
and that it is based on a failuie to appiehend important factois in the 
pathologic physiology of the disease 

Befoie presenting the data on which my views rest, it is proper to 
state that in the District of Columbia and the neaiby regions the bacteiial 
agent found in the majority of cases of pneumonia has been Sti'ep- 
tococciis Jiemolyhcus or viudans, oi the two combined, rather than any 
of the pneumococci This has been tiue since 1916, at which time I 
began to have cultures of sputum made m my cases as a loutine pio- 

' Submitted for publication, July IS, 1928 

1 Bilhngs, FT Am J M Sc 171 872 (June) 1926 

2 Burrage, W S , and White, P D Am J M Sc 174 260 (Aug ) 1927 
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cedure Other local clinicians are finding out the same thing The idea 
IS rather prevalent that lobar pneumonia is pneumococcus pneumoma, 
for it is assumed without making a culture of the sputum that if inflam- 
mation of the lung is primary and has a lobar distribution, it is of pneu- 
mococcic origin 

Such IS not the case Pneumonia of abrupt onset occurs which has 
a typical lobar distribution, so far as physical examination can determine, 
in which cultures from the sputum do not show pneumococci but strep- 
tococci The presence of pneumococci has been assumed meiely on the 
basis of the examination of a stained smear of the sputum The method 
followed in the laboratory of the George Waslungton University con- 
sists in the selection of a specimen of the first sputum coughed up from 
the lungs, which usually contains blood , cultivation and subcultivation on 
different mediums, with inspection of the resulting colonies, further 
differentiation by tests of bile solubility, inulin fermentation, agglutina- 
tion reactions and mouse pathogenicity Under this scrutiny it is found 
that not a few organisms which from the morphology seen in the smears 
appear to be pneumococci are streptococci Conditions are different far- 
ther north In a series of 2,000 cases, Cecil,® of New York, found that 
95 6 per cent were due to the pneumococcus and 3 8 per cent to the 
streptococcus 

REVIEW OF 100 CASES 

A review of 100 cases occuriing in the George Washington Univer- 
sity Hospital has been made The cases are consecutive, with the 
exception of the omission of those cases in which complicating and 
terminal pneumonia was present, those in which there was a possible 
doubt of the correctness of the diagnosis and those in which the record 
was not sufficiently complete for the purposes of the study 

This hospital is, so far as its private rooms are concerned, an open 
hospital, and about half the cases reviewed occurred in the practice of 
a relatively large number of physicians not connected with the hospital 
staff The data afforded, therefore, do not furnish a basis for a 
thorough clinical study They represent, however, a considerable variety 
of therapeutic procedure, the investigation of which was the primary 
object of the review The result shows that the aphorism of Loomis, 
uttered more than forty years ago, is as true today as it was then, namely, 
that there are some patients with pneumonia whom one cannot cure, 
some whom one cannot kill, and a certain proportion whom wise treat- 
ment and good nursing will help to recover 

3 Cecil, R L Tr Assoc Am Physicians 41 208, 1926 Cecil, R L , 
Baldwin, H S , and Larsen, N P Lobar Pneumonia, Arch Int Med 40 257 
(Sept ) 1927 Cecil, R L The Specific Treatment of Lobar Pneumonia, Arch 
Int l^Ied 41 322 (March) 1928 



RANDOLPH— CARDIOVASCULAR PROBLEM IN PNEUMONIA 251 


Digitalis was prescribed for tliiity patients of tins series as soon 
as the disease was recognized as pneumonia In this group there were 
seven deaths, a mortality rate of 23 3 per cent (table 1) For few 
patients was the dosage sufficient to produce a full digitalis effect Often 
it seems to have been given because it was considered the proper thing 
to do lather than because theie was any clear idea of what was to be 
accomplished 

In tlnrty-four cases, the use of digitalis was instituted later m the 
couise of the disease In this gioup theie were eight deaths, a mortality 
of 23 53 per cent (table 2) It is manifest that these figures do not 
furnish a piopei basis for the compaiison of the meiits of eaily and 
later institution of treatment with digitalis The physician who from 
the beginning of the disease uses digitalis theiapy as a routine measure 
will use this treatment for many patients who would recover without 
the drug The physician who does not use digitalis until the condition 
of the heart seems to demand it will employ it only m the graver cases 
Not infiequently the drug is piesciibed at the instance of a consultant 
vho IS not called in until the patient has begun to get woise 

In thirty-six cases digitalis therapy was not used, four deaths 
occurred, a moitahty rate of 111 per cent (table 3) This group 
included a large majonty of the mild cases, and no statistical value can 
be attached to the therapeutic results Details of the cases leviewed are 
presented in the accompanying tables and charts 

It IS appaient, therefore, that statistics on drug therapy that do 
not tal<e into consideration all the factors presented by the individual 
patients cannot be relied on It has always been recognized that 
advanced age tends to make the prognosis in pneumonia unfavorable 
Other unfavoiable factors are pronounced hypei tension and obesity 
The piesence of some othei chronic disease and especially the early 
and complete coopeiation of the patient aie individual factois of 
importance Again, there is such a vaiiation in the severity of individual 
cases that the statistical method of study presents too many sources of 
error to be trustworthy I believe that pi ogress in the understanding and 
management of this disease is made through caieful observation and 
recoids by competent students of the clinical and laboiatory phenomena 

My observations have led me to believe that the primary toxic effect 
on the circulatory system is exerted on peripheral blood vessels through 
the vEisomotor system, and that failure of the myocardium is secondary 
. or terminal This view is based on the early depiessant effect of the 
infection on the blood piessure, which depiession runs paiallel with the 
increasing gravity of the prognosis, and on the utter failure of digitalis 
to control the rate of the heait even when the drug is given m full dosage 
from the beginning Furthermore, death fiom pneumonia may occur as 
a result of respiratory paialysis without myocaidial failure The 
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ordinar}- course of the fatal case is as follows For several days the 
pulse IS of a fairly good quality and the hlood pressure relatively con- 
stant, though the latter is reduced below normal , then, often abruptl} , 
the pulse increases in rate, becomes ^\eak and sometimes ii regular, 
and loses the tone which it has hitheito maintained The blood 
pressure at that time shows a marked fall, the diastolic often more pro- 
portionally than the systolic The cardiac impulse becomes diffuse, and 
the quality of the heait tone is impaiied Unless therapeutic measures 
are successful m restoring circulatory balance, death ordinaril}'- ensues in 
twelve houis, or even less Autopsy shows the heart dilated, but his- 
tologic study does not show such deterioration of the heart muscle as 
toxic failure of the heart would lead one to expect , for example, as that 
seen in heart failure in cases of diphtheiia 

A more leasonable explanation of the circulatoiy failure occurring 
m pneumonia would appear to be as follows 

1 There is an oxygen hunger of the tissues due to an eleva- 
tion of the level of conveision of carbondioxide-hemoglobin into oxy- 
hemoglobin , probably an alteration in the blood, which is the essential 
physiologic defect caused by the disease 

2 The increased lespiratory rate and increased functional demand 
on the heart for oxygenated blood result in an acceleiated and 
exaggerated heart action 

3 The lowered blood pressure places an additional tax on the heart 
in Its effort to carry on circulation without an adequate peripheral tone 
to support it 

4 The right side of the heart is further incommoded by the resis- 
tance to the pulmonai}'- circulation offered by the presence of the exudate 
in the lung 

5 Last, but pel haps not least, the heart muscle itself does not get 
propel ly oxygenated blood for its adequate nutrition 

The theiapeutic need of the overtaxed heart, if one is to conserve its 
integrity, is not for something to increase the amount of work it is 
doing, as it is already iiorking haider than it should, but rather for 
treatment directed toiiard lessening the functional load If digitalis 
were eff ectn e in slowing the rate of the heai t in pneumonia, one should 
have a logical reason foi its employment, that is, lengthening the rest 
period but I hare never found that it does this It increases the 
contractile effort of the ventriculai muscle, thus tending to use up its 
leserre moie rapidly I consider that the indication for digitalis therap^ 
111 pneumonia is the same as in other conditions, namely, when failure of 
the heart muscle begins When this occasion arises, if considerable 
doses of the drug ha\ e been given over several days, one dares not use 
the large doses required to meet this emergency for fear of exceeding 
the limit of tolerance 
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On the loasis of piesent knowledge, specific immunizing therapy is 
applicable only to a limited number of cases of pulmonary inflammation 
(pneumococcus type I) It seems that there is a prospect that a 
practical technic for the specific treatment of conditions due to types 
II and III will be provided^ Up to the piesent time, however, 
conspicuous and consistent failure has attended efforts to provide a suc- 
cessful specific therapy for streptococcic infections It seems, there- 
fore, that work will have to be continued along the line of conseivmg 
the vital foices in these cases until the activity of the infection has 
spent Itself 

The theiapeutic indications presented by the ciiculation in pneu- 
monia aie (1) to lower the toxemia, with a view to lestoring the 
oxygen carrying capacity of the blood, (2) to increase the conversion 
of caibondioxide-hemoglobin into oxyhemoglobin, and (3) to sustain 
the blood pressuie, thus relieving the heart as far as possible from the 
increased labor entailed by the eft'oit to cairy on the circulation unsup- 
ported by an adequate peripheial resistance 

I believe that helplessness in severe cases of pneumonia aiises largely 
from one’s inability to influence in any dependable way the pathologic 
elevation of the oxyhemoglobin threshold, which interferes with the 
necessary interchange of oxygen m the lungs It is not known what 
causes this whether it is an alteration in the red cell itself, in the 
blood serum or in both The acid concentration theoiy, advanced by 
some investigators, if coriect, should have led to a ready control of the 
situation through alkaline therapy But theie is some factor present 
that cannot be explained by the theory of quantitative alterations in the 
hydrogen ion concentration or in the alkali reserve Neveitheless, a 
rather large experience in the use of the citiates and acetates of sodium 
and potassium in stieptococcic infections of the respiiatoiy tract has 
given me the impiession that when administered eaily they have some 
effect in modifying the intensity of the infectious process and m lessen- 
ing the frequency of extensions and complications to an extent not 
accomplished by other diuretics There is urgent clinical need of 
research in the laboi atones of biophysics and biochemistry m order to 
determine just what are the essential factors in pneumonia that cause 
the failuie of the blood to take oxygen from the air m a normal fashion 

It IS heie that blood-letting seems to offer its most useful role I 
believe that it accomplishes more than a mere mechanical relief of the 
load on the right side of the heart I have not found that the best results 
from phlebotomy are obtained when its use is defeiied till the heart 
shows signs of failuie, though even then it is sometimes found to be a 
life-saving measure In acutely toxic cases eaily phlebotomy has 

4 Cecil (footnote 3, third reference) 
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immediately improved the climcal picture, subjective and objective, and 
patients have gone on to recovery without causing further serious 
anxiety If the blood-letting is deferred until the blood pressure has 
collapsed, benefit is not derived from it The effect on the toxic state 
has seemed to be analogous to that which I have observed in venesection 
in sunstroke Subjectivety, the patient becomes more comfortable almost 
immediately The respiration becomes more regular and is conducted 
vith less effort and distress I have had an exhausted patient go to 
sleep vlule the blood was flowmg Shortly after the flow begins, the 
pulse is felt to have undergone an alteration, becoming fuller, softer 
and losing its tense, thread}'’ quality The systolic blood pressure does 
not show a marked change, sometimes falling from 5 to 10 mm , some- 
times remaining stationary In one case complicated by mitral stenosis 
I noted a nse of 10 mm during the flow of blood The diastolic blood 
pressure, if lover than normal, often shows a tendency to rise during 
the venesection, v ith a further rise later 

I do not believe that phlebotomy should be undertaken in pneumonia 
V Ith the idea that a definite amount of blood must be withdrawn at one 
time Ordinarily, I take from 300 to 600 cc from an adult The 
pulse is the guide which tells one when to stop As the blbod flows, the 
full vave, previously described as being established soon after the 
procedure is begun, is abruptly interrupted by a weakened subtonic wave 
At this point the tourmquet should be loosened and the blood-letting 
stopped 

In certain cases, the inhalation of oxygen seems to be effective in 
keeping the anoxemia vithin the limits of tolerance Occasionally, I 
see a patient in whom the relief obtained is almost dramatic In other 
cases, continuous or intermittent inhalation of oxygen over a long 
period appears to enable cyanotic patients to hang on till the disease has 
spent itself More frequently, however, this treatment has failed to 
change the clinical picture materially, no matter how high the concentra- 
tion of OX} gen The blood defect that I have spoken of appears to 
reach such a degree that carbon dioxide conversion cannot be carried 
on, no matter hov high the concentration of oxygen I have never had 
access to an ox}gen chamber, so I have had no experience vith this 
method of administration of the gas ® 

Working on the Inpothesis that the circulator} failure occurring 
in pneumonia is primarily peripheral, and that the m}Ocardial failure is 
secondar}’- I ha\e recently made some obsen’-ations on the behavior of 
patients m cases m which the therapy was directed toward sustaining 
the vasomotor tone Pituitar} was the agent selected Epinephrine 

5 Barrack, A L Acute Disturbance of Lung Function in Pneumo iia, 
J A M A 89 1865 fXo^ 26) 1927 
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was rejected, partty because its action is too transient, and partly because 
it increases the contraction of the heart muscle ® Ephedrme was con- 
sidered, but I did not think that I knew enough about its pharmacologic 
or its toxicologic actions to justif}^ its use The extent of my observa- 
tions IS not sufficient to warrant definite conclusions, but I believe that 
they show effects that are suggestive and theiefore worth recording 

DIFFUSIBLE AND OTHER STIMULANTS 

In my expenence, caffeine is ineffective as a stimulant to the 
circulation in pneumonia I have never seen any clear evidence that its 
administration accomplishes any good I have seen patients who had 
received repeated doses over some time exhibit insomnia and restless- 
ness that amounted almost to delirium , these symptoms subsided when 
the administration of caffeine was discontinued 

The same may be said of sti3chnine as of caffeine 

Camphor administered hypodermically m oil apparently affords a 
brief period of stimulation, which occasionally tides over a critical 
period If this effect is not prompt and definite, nothing will be accom- 
plished by repeated dosage 

The stimulant effect of ammonia is too weak and too tiansient 
to be of material value 

Of the benefit derived from whisky, I have a definite empiric con- 
viction Its good effect does not appear m all cases It is valuable foi 
elderly persons , for those habituated to its use, it is more so I am unable 
to explain entirely its physiologic action Its hypnotic action in a disease 
in which rest and sleep are so important is undoubtedly valuable, often 
lessening the need of opium derivatives It induces a sense of comfort 
and serenity m the patient, which is not a handicap in the fight with the 
disease Its food value may be a factor, but the quantity admimsteied 
seems too small for this to explain the whole matter A definite bene- 
fiaal effect on the pulse is often noted A fuller, softer, more adequate 
beat replaces the irritable subtonic one In spite of the myriads of 
pages wntten on the subject of alcohol, there may still be something 
to learn about it 

The accompanying tables, giving the details of the cases of the 
series, require further comment Viiulence is rated as mild, moderate, 
severe, severe plus and severe double plus 

It was mild m those cases in which there was a definite clinical 
picture and recorded physical signs establishing the diagnosis of pneu- 
monia but m which the patients were not at any time sufficiently ill to 
give serious concern as to the outcome of the disease The virulence 

6 Cushny, A R Pharmacology and Therapeutics, Philadelphia, Lea & 
Febiger, 1918, p 368 
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Total number of cases, 30, death';, 7, mortality, 23 33 per cent 
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14 
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16 
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20 
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Mild 
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D 
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22 

14 
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B 
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23 

61 

Mild 

23,400 

B 

Initial catharsis, 
sodium citrate, 

4 Gm 
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hemolyticus 
and vindans 

24 

28 
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B 

Sodium citrate, 
12 Gm daily 
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hemolyticus 
and viridans 

25 

38 

Moderate 
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B 

Symptomatic 

2G 

30 

Mild 

13,200 

B 
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hemolyticus 
and vindans 

27 

33 

Mild 
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B 

Symptomatic 
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and vindans 

23 


Severe 

16,400 

B 

Sodium citrate 
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hemolyticus 

29 

SO 

54 

36 
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D 
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31 
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B 
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32 

65 
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D 
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33 

37 
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B 
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34 

43 

Severe 
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E 

Sodium citrate, 
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Potassium acetate 

35 

48 
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E 
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hemolyticus 
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SO 

SS 
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E 
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Pneumonia followed 
tonsillectomy 


Followed afebrile 
bronchitis of ten 
days’ duration 

Followed otitis 
media 

PiagnosiB confirmed 
by X ray 

Diagnosis confirmed 
by X ray 


Followed bronchitis, 
diagnosis confirm 
ed by x ray 

Complicated by 
active syphilis 

Obese and unman 
ageable 

In extremis on 
admission 

Blood stream infec- 
tion 

In extremis on 
admission 


Diagnosis confirmed 
by X ray (chart 5) 


Total number of cases, 34, deaths, S, mortality, 2C53 per cent 
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was consideied model ate m those cases in which the patients were 
acutely ill at the outset but impioved steadily and made an uneventful 
lecovery, and severe in those cases m which serious concern as to the 
piognosis was felt Seveie plus viiulence was piesent in those cases in 
which the patients weie so giavely ill that a fatal issue was expected, and 
seveie double plus in cases in which there was overwhelming intoxication 
or giaie complications 



Chart 1 (case I) — The blood pressure was maintained apparently by the 
administration of pituitary 


A complete presentation of the treatment given these patients could 
not be made without reporting the individual cases Alkaline diuretics 
were used in many cases, the dosage being limited by the appeal ance of 
alkaline urine, in a large majority opium derivatives weie used at some 
time foi pam, cough or restlessness Vaiious counterirritants to the 
chest weie frequently used, mustard being the favorite Occasionally 
an ice bag was placed on the chest of a patient A considerable num- 
ber were given more or less systematic hydrotherapy in the form of 
sponge baths Caffeine was used m circulatory failure by neaily all 
physicians, whether or not digitalis was being given 
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In giving the bacteriology of the sputum, I state first the predominat- 
ing organism and then the others in the order of the numbei of colonies 
present 

REPORT OF CASES 

Case 1 — A man, aged 34, was admitted to the hospital on the second day of 
the disease, which was severely toxic from the onset There was pneumonia of 
the lower lobe of the right lung Cultivation of the sputum resulted in Stiepio- 
coccus hcmolyiiais predominating, and SUeptococcus vuidans The leukocytes 
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Chart 2 (case 2) — Death occurred from the extension of the disease follow- 
ing effort 


numbered 36,300 The patient showed good resistance until the fifth da}, at which 
time invasion of the left lung was noted He was treated with digitalis and 
pituitan , receiving 33 grains (2 16 Gm ) of the former and 16 ampules of the 
latter It was noted that his blood pressure was well sustained until the day of 
death, nhich occurred on the twelfth day Autopsy showed bronchopneumonia of 
both lungs, with multiple small abscesses, also active tuberculosis of both upper 
lobes, a recent recrudescence (chart 1) 

C\SE 2 — A man, aged 39, w^as admitted to the hospital on January 18 The 
evening before he w'as admitted, he was seized wuth pain m the right side of the 
chest, cough and weakness He w^as found to have pneumonia involving the middle 
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lobe of the right lung and the lower lobe of the left lung, and also an abundant 
eruption of secondarj- sjphihds The blood showed leukocytes, 35,850, with 
90 per cent pohmorphonuclears The Wassermann reaction was 4 plus The 
blood culture w'as negative A sputum culture showed Sheptococcus vuidaiis 
predominating and Sti cptococcus hnnolyitctis The extremely low' blood pressure 
which existed on admission seemed to respond favorably to the administration of 



Ch\rt 3 (case 3) — Death occurred from toxic respiratory parahsis, the 
heart function was maintained 

pituitary' On the fourth da}, he appeared to be doing well, and I ordered an 
x-ray picture made of the lungs During this procedure, he W’as subjected to more 
effort than is usual m such cases, and this was promptly follow'ed by an invasion of 
the lower lobe of the right lung, which proved fatal Autopsy show'ed pneumonia 
of the middle lobe of the right lung and the low er lobes of both lungs, while the 
x-ray picture did not show an}' involvement of tlie lower lobe of the right lung 
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proving that the extension occurred after the picture was taken It is possible 
that the concurrent syphilitic infection may have been a factor in the extremely 
low blood pressure observed in this case (chart 2) 

Case 3 — A woman, aged 55, seen in consultation with Dr Hyde, was admitted to 
the hospital on November 9 She had been under treatment for high blood pressure 
for four years, the systolic reading being constantly above 200 Two days before 



Chart 4 (case 4) — Death resulted from toxic respiratory paralysis , the blood 
pressure was maintained nearly to the end 

admission, she suddenly developed sharp pain in the precordium, which radiated 
to the epigastrium It soon became less sharp and developed into a steady ache 
She was seen the following day by Dr Hyde, at which time the systolic pressure 
was 200 He found pneumonia of the lower lobe of the left lung When she was 
admitted to the hospital she was extremely ill, and an unfavorable prognosis was 
given at the outset The leukoc 3 tes numbered 24,500, with 84 per cent poh morpho- 
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nuclears Treatment with a digitalis preparation was begun on the second day. 
There was little change in her condition until the third day, W'hen she went into 
collapse, with a rapid fall of blood pressure A phlebotomy was done, and pituitary 
treatment was instituted She appeared to be dying at the time, but rallied, and 
sunuved until the following day, when she died of respiratory failure In this 
case the inhalation of oxj'gen was effective in improving the dyspnea and cyanosis 
for a time (chart 3) 

Case 4 — A robust young mechanic, aged 19, \vas admitted to the hospital on 
February 17 He was too ill to give a history, and none was obtainable He had 



Chart 5 (case 5) — ^The patient was evidently benefited by early phlebotomy 


worked until thirty-six hours before admission He had pneumonia of the lower 
and middle lobes of the right lung The leukoc 3 ’^tes numbered 34,950, with 89 per 
cent polymorphonuclears The urinary chlorides were absent He had a harassing 
cough, but did not raise any sputum Marked dyspnea and cyanosis were present 
It was manifest from the outset that an overwhelming intoxication w^as present 
He died on the fourth day after admission Autopsy was refused 

Phlebotomy gave temporary relief from the dyspnea The day before death 
there were signs of invasion of the left lung At the same time evidence of 
beginning myocardial failure was noted, namely, a diffuse ivavelike impulse and 
a diminution of the muscular tone of the heart sounds In spite of the malignant 
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character of the infection, pituitary seemed to maintain the blood pressure at a 
higher level than that shown when he was admitted (chart 4) 

Case 5 —A white man, aged 42, was admitted to the hospital on the third day of 
the disease, he was severely toxic, with great distress in breathing There was 
pneumonia of the upper and middle lobes of the right lung The leuhocjtes 
numbered 11,250 The sputum showed streptococci, but no pneumococci Con- 
spicuous subjective relief followed phlebotomy The patient’s circulation did not 
require supportive treatment after the second day in the hospital Chart 5 shows 



Chart 6 (case 6) — The patient had received digitalis therapy , the critical 
phase improved after this therapy was discontinued 


onl)^ the acute phase of his illness, the convalescent phase being omitted He made 
a complete recoverj', though resolution was somewhat delayed 

Case 6 — woman, aged 23, seen in consultation with Dr Hornaday, was 
admitted to the hospital on January 4, with pneumonia of the middle and lower lobes 
of the right lung The condition was severe from the onset The leukocytes 
numbered 16,300 A sputum culture showed Stteptococcus vtndans predominating, 
also Streptococcus hcmolyticus and pneumococcus The total febrile period m this 
case was fifty-eight days There was delayed resolution, and in the later weeks 
there was a complication of pleural effusion which required repeated witlidraual 
Examination of the fluid exhibited the presence of tuberculosis Only a segment 
of the chart is submitted, namelj, the portion covering the eighth to the sixteenth 
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day (chart 6) The patient received digitalis from the outset, grams (0 29 
Gm ) daily for two days, and then 6 grains (0 4 Gm ) daily until the eleventh 
day She began to show evidence of weakening circulation on the eighth day, at 
which time a single dose of pituitary was given On the tenth day she was worse, 
and the prognosis was grave On the eleventh day, the use of digitalis was discon- 
tinued, and vigorous administration of pituitary was instituted Chart 6 shows 
the results 

The patient made an ultimate recovery This case shows that a circulation 
which is failing under digitalis therapy may become reestablished when that 
therapy is discontinued 



Chart 7 (case 7) — Death occurred as a result of toxic respiratory paralysis, 
the heart function was maintained throughout 

Case 7 — A robust woman, aged 26, mother of seven children, at the time the 
present illness began was nursing an infant, aged 5 months Three days before 
admission she began to have pains m the chest and back The next day she had 
a severe chill, which was followed by fever On that day and the next she had 
nausea and vomited She was admitted to the hospital on the second day after 
the chill, extremely ill, cyanosed and with a bright red, sharply defined flush on 
both cheeks There was severe cough, and she had pain m the right side of the 
chest Physical examination indicated consolidation of the lower lobe of the right 
lung and slight enlargement of the liver and spleen The leukocytes numbeied 
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19,800, with 88 per cent poh morphonuclears There was a bloody expectoration, 
which on culture show'ed Sti cptococcus vuidans and St) cptococcus hoiiolyiicus 
Early in the morning of the sixth day she had a collapse, accompanied by pro- 
fuse siveating, and a pulse rate so rapid, weak and irregular that it could not be 
counted accurately There W'as also Cheyne-Stokes breathing I thought at the 
time that I was dealing wuth the crisis of a pneumococcus infection, as I had not 
yet received the report from the sputum culture Under stimulation there was 
a temporarj'- improvement in the circulatory efficiency, but the patient died on the 
eighth day after the onset of respiratory failure Dr Moore, house physician, 
was present at the death, and noted that the heart continued to beat for some time 
after the respiration had finally ceased He did not time this period, but estimated 
that it must have been nearly half a minute (chart 7) 

The entire clinical picture presented by this patient, except the temperature 
curve, was identical with that observed in pneumococcus pneumonia 

At autopsy, pneumonia of the lower and upper lobes of the right lung was found 
There were also toxic hepatitis, a mild acute splenic tumor, toxic nephrosis, 
toxic myocarditis and terminal dilatation of the heart on both sides There was 
a terminal hypostatic congestion of the left lung A blood culture from the 
central portion of the pneumonic area show'ed a pure culture of St) cptococcus 
VI) tdans 

COKCLUSION 

It IS lealized that much of the matter presented m this article is 
an expression of opinion, and as such is open to question My chief 
purpose m this papei is to question the opinions which aie commonly 
accepted 

It IS possible that the difference in the bacteriology of my cases from 
that of most cases of pneumonia reported may be a factor in the differ- 
ence 111 the reaction to therapeutic measures The behavior of the 
circulation m pneumococcus pneumonia, however, has not led me to 
considei the involvement of that system as materially different from 
that which seems to occur in streptococcus pneumonia 

An important difference is that in inflammation of the lungs caused 
by streptococci one is not dealing with an eight day infection which can 
be expected to teiminate by crisis at a given time The duration is 
inconstant and the defervescence is gradual (as a rule) , extension of 
the disease and i elapse may occur at almost any stage The therapeutic 
problem, therefore, is not merely the sustaining of the vitality of the 
patient till a definite ciisis is passed This fact seems to make con- 
seivatism in the use of myocardial stimulants more important 

To attempt to combat the collapse of the peripheral circulation seems 
to be a sound principle in the therapy for pneumonia My observation 
has not been sufflaently extensive to speak positively of the value of 
pituitar} for this purpose I believe that something beneficial has been 
accomplished in some patients, and this opinion is shared by others who 
have been associated with me It manifest!} does not have a beneficial 
cftect on the toxemia So far I ha-s e not seen any ill effects that I 
could attribute to the drug , 



IMPAIRED AURICULOVENTRICULAR CONDUCTION 
IN RHEUMATIC FEVER 

A COMPARATIVE STUDY WITH DIAGNOSTIC APPLICATIONS 
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It IS now well loiown that auriculoventricular conduction is fre- 
quently impaired in the course of rheumatic fever and that this 
disturbance affords valuable evidence of myocardial involvement In a 
number of instances of partial or complete heart block ^ and m one 
case showing only prolonged auriculoventricular conduction,® post- 
mortem examination of the heart has disclosed characteristic rheumatic 
lesions involving the auriculoventricular node or bundle Such lesions 
have consisted of cellular infiltration and edema during the acute stages 
of the disease, or of scar tissue after healing has taken place The 
transitory nature of conduction disturbances m many cases indicates 
that the inflammatory process may subside without graphic evidence of 
permanent damage to the heart muscle 

In following a series of cases of rheumatic fever in which frequent 
electrocardiograms were made, the diagnostic importance of disturbances 
in auriculoventricular conduction became apparent The present study 
covers a period of nine years Most of the patients had arthritis; 
some were predominantly of the cardiac type The records of all 
rheumatic patients showing prolonged auriculoventricular conduction 
or heart block (partial or complete), as shown in the files of the 
cardiographic laboratory, were critically analyzed The P-R interval 
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was consideied prolonged if it exceeded 0 2 second Cases in which 
digitalis or quinidine -was given duiing the time of obser\fation 
veie excluded Salicylates and drugs of the cmchophen group vere 
given to most of the patients Although it has been shown that 
sahc 3 date in ceitain cases of prolonged conduction appears to exert an 
effect in shortening the P-R mterv^al/ it is believed that this action did 
not materially modify the results of the analysis Electiocardiograms 
were taken in most cases at least once a week during the stay in the 
hospital and often daily during the acute phases of the disease 
Follow-up examinations at var 3 nng intervals were also made 

For purposes of comparison, all other cases showing disturbances in 
aunculoventriculai conduction were similarly reviewed It is fair to 
state that m the nonrheumatic patients, graphic records usually weie 


Table 1 — Data in One Handled and Foity-Ftve Cases Shoivtng DtsUirbanees in 

A ui iculoventi tculai Conduction 



total 

Total 

Cases, 

Long 

In com 
plete 

Long P E 
and Block at 
Complete Different 


Cases 

per Cent 

PR 

Block 

Block 

Times 

Rheumatic fever 

78 

538 

76 

6 

0 

4 

Artenosclerotie and hjper- 
tensivo heart disease 

42 

2S9 

29 

5 

8 

0 

Syphilitic heart disease 

10 

69 

S 

1 

1 

0 

Nonhemoljtio streptococcus 
endocarditis 

3 

21 

3 

0 

0 

0 

Miscellancoiis 

12 

83 

11 

1 

1 

1 

total 

145 

100 0 

127 

13 

10 

5 


taken at less frequent intervals When the criteria mentioned were 
emplo 3 '^ed, a total of 145 cases was found m all groups Of these, 
127 showed a prolonged P-R interval The importance of the latter 
ohseivation as will be pointed out, should particularly be stressed 

ANALYSIS OF MATERIAL 

In a comparison of the incidence of impaired aunculoventriculai 
conduction in the various clinical conditions in which it was encountered, 
certain striking contrasts are at once apparent (table 1) More than 
half (53 8 per cent) of the cases w’-ere instances of rheumatic fever 
Next in numerical importance was the group including patients with 
at teriosclerotic and h 3 "pertensive heart disease (28 9 per cent) These 
w’ere considered together for convenience m discussion and because the 
borderline between them is often ill-defined The syphilitic cases com- 
prised 6 9 per cent of the total and the cases of nonhemolytic strepto- 

4 Le\w, R L, and Turner, K B Variations in Auriculoventricular Con- 
duction Time in Rheumatic Carditis with Sahejdate Therapy, Proc Soc Exper 
Biol S: Med 25 64, 1927 
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coccus endocarditis only 2 1 per cent In the miscellaneous group, which 
formed 8 3 per cent of the cases, "vs ere the following hyperthyroidism, 
one case, hypothyroidism, one diphtheria, one. Staphylococcus aureus 
bacteremia, one, chronic nephritis, one, congenital heart disease, one; 
acute tonsillitis, three, unknown tno The three cases of acute tonsil- 
litis are worthy of special mention In them, prolonged conduction 
was found during or shortly after the attack, without other signs of 
disease It is possible that in these patients, early myocardial involve- 
ment, perhaps due to rheumatism, was detected m the graphic records 
Further studies along these hnes are in progress 

In rheumatic fever, prolonged aunculoventricular conductaon is by 
far the most frequent disturbance, whereas in the arteriosclerotic- 


Table 2 — Relative Frequency of Prolonged Auncnlovcnt} icnlar Conduction 
(Without Block) m One Hundred and Tu'cnty-Scvcn Cases 


Total Cases 

Per Cent 

Eheumatic lever 

76 

59 9 

Artenosclerotic and hypertensive heart disease 

29 

22S 

Syphihtie heart disease 

8 

63 

Xonhemolytic streptococcus endocarditis 

2 

23 

ills cell an eons 

11 

87 

Total 

12" 

100 0 

Table 3 — Incidence of Prolonged Aunculoventncular 

Conduction in 

Rheumatic 

Fever in Four Hundred and Three Cases 


P-B prolonged 


Xi2(zrs7p) 

Ko digitalis 

60 (14 9%) 


Received digitalis 

52 (12 97o) 



hypertensive group, partial or complete heart block is relatively more 
common In the remaining groups, as in rheumatism, a prolonged 
P-R interval is the more frequent observation 

From a study of table 1, then, it is established that conduction dis- 
turbances m the heart are obsen^ed much more often in rheumatic fever 
than in an} other condition, and that lengthening of the P-R interval 
IS the most important of these disturbances The latter point is further 
emphasized in table 2 

If prolongation of aunculoventncular conduction is found more fre- 
quently in rheumatism than m other diseases, in what proportion of 
rheumatic patients is tliis evidence of m 3 '^ocardial involvement present^ 
Of 403 cases of rheumatic fever obsen^ed electrocardiographically 112 
(27 8 per cent) showed a long P-R interval (table 3). Fift 3 '-two (12 9 
per cent) of these patients received digitalis in amounts which, it appears 
likely, were insufficient to affect aunculoventricular conduction Other 
figures on the incidence of impaired conduction in rheumatism are 
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available Thus, 87 per cent of Swift’s cases ® showed an increase in 
P-R time or incomplete block The higher incidence m this series 
IS due m part to the use of a less rigid criterion for prolongation and in 
part to the fact that only patients with the more severe forms of rheu- 
matism were admitted to the Rockefeller Hospital The figure reported 
from Mt Smai Hospital, New York,® 27 6 per cent, is more nearly 
like our own It is based on a similar criterion for prolongation (0 2 
second or over) and probably represents the average incidence in a 
general medical service 

The figure for the incidence of prolonged aunculoventricular conduc- 
tion in subacute bacteiial endocarditis is based on a small number of 
cases In twenty-three patients, a long P-R time was found in three 
(13 per cent) In Libman’s series of sixty-one cases,® prolonged con- 
duction was observed m 16 pei cent It is, of course, possible that in 


Table 4 — and Age of One Hundied and Thiity Patients Shozmng 
Distill bailees in Am iculoventiicnlai Conduction 



lotal 

Cases 




Age 


Male 

Female 

Range 

Average 

Elieumatlc Ie\er 

78 

51 

27 

7 56 

27 4 

Arteriosclerotic and hypertensne lieart disease 

42 

27 

15 

35 82 

602 

Syphilitic heart disease 

10 

8 

2 

32 55 

49 0 

lotal 

ISO 

86 

44 




some of these a mixed infection was present, i e , bacterial and 
rheumatic 

The sex and age of patients with impaiied aunculoventricular con- 
duction are shown in table 4 In rheumatic, artei losclerotic-hypertensive 
and syphilitic groups, males predominate In the first two groups, the 
ratio IS about 2 1 The average age m each group approximates that at 
which the various diseases are most frequently encountered — rheumatism 
m the young, syphilitic heart disease in middle age and vascular degen- 
eration m advancing years 

A correlation of conduction disturbances with other changes in 
the form of the electrocardiogram has not been attempted In the 
rheumatic cases, lengthening of aunculoventricular conduction has, in 
general, been accompanied by leukocytosis (i e , a white cell count of 
more than 10,000) The average counts ranged around 14,000 to 
15,000 vhite cells per cubic millimeter This parallelism was to be 

5 Swift, H F Rheumatic Fever, Am J M Sc 170 631, 1925 

6 Rothschild, M A , Sacks, B , and Libman, E The Disturbances of the 
Cardiac Mechanism in Subacute Bacterial Endocarditis and Rheumatic Fever, 
Am Heart J 2 356, 1927 
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anticipated, since both a long P-R interval and leukocytosis are signs of 
active infection in the heait muscle In five cases showing prolonged 
conduction the white cell count was noimal 

DIAGNOSTIC APPLICATIONS 

Impaired Auriculoventi icidar Conduction as an Aid in Diffet ential 
Diagnosis — If, then, prolonged conduction is more frequent m iheu- 
matic fever than in any other disease, and this group of patients is 
distinguished by age limitations, the following diagnostic aphorism 
may be formulated a piolonged P-R interval or heart block occurring 
in a person under the age of 35, who is not syphilitic and who has 
not taken digitalis, affoids presumptive evidence of the presence of 
iheumatic carditis On rare occasions, the differentiation between 
rheumatism and subacute bacterial endocarditis may be difficult Often, 
the diagnosis of the rheumatic nature of a cardiac disturbance can be 
made in the absence of the usual criteiia The following case illustrates 
this point 

A young married woman, aged 26, while climbing in Switzerland six weeks 
prior to her visit to one of us, noted palpitation and dyspnea During the next 
few days, these symptoms recurred several times Two weeks later, in London, 
she had acute tonsillitis Four days before our examination, she arrived in New 
York, exhausted and with a temperature of 101 F The leukocyte count was 
15,000 Her physician suspected infection of a sinus, but because of the presence 
of tachycardia and an apical systolic murmur, requested a cardiac examination 
Pam in the joints, chills or sweats had not occurred 

The heart was normal in size, the rate Avas 116 per minute at rest A blowing, 
mitral systolic murmur was present An electrocardiogram showed a P-R interval 
of 025 second, without other changes A diagnosis was made of rheumatic 
carditis Ten days later, severe, generalized arthritis developed, yielding promptly 
to medication with salicylate Six weeks after the patient was fir's! seen, the 
conduction time was 0 2 second Tonsillectomy was done The patient has been 
well for four years, and there is now no evidence of cardiac damage 

111 rare instances, heart block may be the fiist sign of rheumatic 
fever, as m the patient reported by White’' Such a patient recently 
came under our observation 

A housewife, aged 42, was admitted to the hospital complaining of shortness 
of breath, which had been noted on exertion for six months and which was 
becoming progressively worse For nine days she had been in bed, but without 
medication 

She had scarlet fever at the age of 27 During adult life she suffered from 
severe tonsillitis on four occasions, the last attack having occurred six months 
before admission to the hospital There was no history of pain m the joints 
or chorea 


7 White, P D Acute Heart Block Occurring as the First Sign of Rheu- 
matic Fever, Am J M Sc 152 589, 1916 
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Examination on admission showed an obese woman The temperature was 100 4 
The tonsils were moderately large and red The heart was not enlarged The 
rhythm was irregular There was a systolic murmur over the entire precordium 
The peripheral vessels were soft The blood pressure was 122 systolic, 95, 
diastolic The leukocyte count was 13,300 The Wassermann reaction on the blood 
was negative 

A.n electrocardiogram taken tlie following morning showed incomplete heart 
block, and based on this observation a diagnosis of rheumatic carditis was made 
The temperature on this day rose to 101 2 

On the morning of the third day in the hospital, the ankles and wrists became 
painful, red and swollen The temperature was 102 Medication with salicylate 
was begun in doses of 8 Gm daily There was prompt relief from the arthritis 
and a fall in temperature 

The administration of salicylate was continued Seventeen days after admis- 
sion, dropped beats were no longer present, although P-R (conduction) time was 
still 0 28 second Four weeks after admission, normal conduction time (0 16 
second) was recorded for the first time Five days later, because the patient felt 


Table S — Persistence of Prolonged Auriculoventnculai Conduction in 
One Hundred and Twenty-Seven Cases 



Total 

Only One 

Tempo 

Perm a 


Oases 

Eecord 

rary 

nent* 

Bheumatic fever 

76 

18 

45 

13 

Axtcriosclerotic and hypertensive heart disease 

29 

19 

3 

7 

Syphilitic heart disease 

8 

6 

1 

1 

Nonhemolytic streptococcus endocarditis 

3 

1 

0 

2 

Miscellaneous 

11 

4 

4 

3 

Total 

127 

48 

63 

26 


* Permanent in the sense of denoting the period of observation The duration of this 
period was, of course, variable 


well, she left the hospital against advice, still taking acetylsahc} he acid One 
month later, she reported for follow-up examination Conduction time was 
normal (017 second), and she did not have anj complaints 

In this case, incomplete heart block gave the clue to the rheumatic 
etiology of the condition twenty-four hours before arthritis appeared 
The block persisted for seventeen days and prolonged auriculoventricular 
conduction for another eleven days The systolic murmur over the 
precordium was the only sign of possible valvular involvement 

PioJongcd Conduction as Evidence of Peisistent Caidiac Involve- 
ment — ^Although often transitory during the acute stages of the disease, 
prolonged conduction may continue for months, long after the other 
manifestations of rheumatic fever have subsided In the great majority 
of cases it tends eventuall)’^ to leturn to within normal limits, m a 
fe^^, prolongation is permanent, probably due to fibrotic changes m 
the region of the auriculoventricular node or bundle In table 5, the 
persistence of prolonged auriculoventricular conduction is shown m the 
\ arious disease groups In the arteriosclerotic-hypertensive group, 
permanent changes m conduction are relatnely frequent, and result in 
partial or complete heart block 
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The following case illustiates the value of graphic records in the 
detection of persistent myocardial lesions in rheumatic fever 

A trained nurse, aged 50, had her first attack o£ rheumatic fever following 
tonsillitis, two months before admission to the hospital The heart was slightly 
enlarged, and a mitral systolic murmur was audible The P-R interval was 
0 32 second After the patient had been m bed for a week the temperature, 
pulse and joints were normal and remained so, except for a slight flare-up after 
tonsillectomy This was performed seven weeks after admission The conduction 
time remained long (from 035 to 021 second) during the four months the patient 
was in the hospital and for five months thereafter (nine months in all), during 
which period a regimen of rest was conscientiously carried out At the end of 
this time the P-R interval was found to be 0 17 second, and the patient returned 
to work She has been well and working steadily for the past three years The 
heart is still a little enlarged There is no evidence of valvular disease or 
myocardial insufficiency 

SUMMARY 

1 Disturbances in auriculoventricular conduction aie found more 
frequently in rheumatic fever than in any other disease Delayed con- 
duction, as evidenced hy prolonged P-R time, is much more common 
than heart block These disturbances are usually transitory 

2 In arteriosclerotic and hypertensive heart disease, impaired con- 
duction IS encountered next in order of frequency In this group of 
cases, heart block is relatively more common The disturbances m 
conduction tend to become permanent 

3 In rheumatic fever, as seen in a general medical service, about 
27 per cent of the cases show prolonged auriculoventricular conduction 
This condition is usually, though not invariably, accompanied by leuko- 
cytosis during the active stages of the disease 

4 A prolonged P-R interval or heart block occurring in a person 
under the age of 35, who is not syphilitic and who has not taken 
digitalis, affords presumptive evidence of the presence of rheumatic 
carditis This sign is often useful in establishing the rheumatic nature 
of a cardiac disturbance, in the absence of other criteria 

V 

5 Prolongation of auriculoventricular conduction may persist and 
give evidence of myocardial lesions m rheumatic fever long after the 
other clinical manifestations of the disease have subsided 



CULTURAL AND SEROLOGIC REACTIONS WITH GREEN- 
PRODUCING MICROCOCCI FROM MEASLES* 
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Duiing the past few yeais seveial papeis have appealed with definite 
detailed desciiptions of green-pioducing micrococci, obtained from 
measles, which were consideied more or less closely associated with the 
etiology of the disease From these original desciiptions, it is apparent 
that the organisms differ from one another in many respects, although 
the impiession has been given and the statement made by several writers 
that the}' are similar 

The present study was undertaken in an attempt to arrive at some 
definite conclusion, if possible, in regard to tbe relationship of these 
organisms to one another, and to determine, if they differ, wherein their 
fundamental differences he, for the ultimate purpose of determining 
their relationship to measles 

The first mention of a gi een-producing miciococcus found frequently 
associated with measles was m 1917, by Tunniclift ^ This organism was 
described by the author as a gi een-producing diplococcus that was iso- 
lated from the blood, thi oat and eyes in early cases of measles “In smears 
from the oiigmal culture, the organism appears as a very small, round, 
sometimes flattened diplococcus or in short chains, sometimes as clumps 
of COCCI of varying size ” Tests for the production of toxin were not 
mentioned in this original article by Tunnicliff, but later,- it seems appar- 
ent, she as com meed that it was not a true toxin producer as evidenced 
by the following statement “The skin reaction to the diplococcus found 
b\ me in measles has been studied with a view to obtaining light on its 
1 elation to measles Berkefeld W filtrates of aerobic and anaerobic 
cultuies, grown from twenty-four hours to six days in broth with and 
without ascites fluid, failed to produce any reaction” ^¥hen she pie- 
pared killed broth culture antigens, containing the whole culture, she 
ivas able, at the same time, to produce skin reactions in a dilution of 

* Submitted for publication, Aug 16, 1928 
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1 40 This reaction, howevei, could not be attiibuted solely to the 
filtiate The organisms themselves must have played a laige pait in the 
phenomenon, in fact, Tunnichff heiself spoke of this antigen in a later 
aiticlc ^ as an “inti acellulai toxin ” 

In Maich, 1926, Feiiy and Fisher^ desciibed “a small Gram-positive 
aeiobic green-pi oducing sti eptococcus appealing both in pairs and in 
chains, which pioduces an exti acellular oi soluble toxin specific to 
measles” In June and Decembei, 1927, this woik was given more in 
detail by Feriy ° and later expeiiments with the oigamsm and its toxin 
and antitoxin weie described Measles toxin has been leadily produced 
with this organism in bioth with or without ascites fluid or blood, and 
typical specific skin leactions have been demonstiated in man following 
intradeimal injections of 0 1 cc doses of fiom 1 400 to 1 600 dilutions 
of this toxin Hoises have been immunized with this toxin, giving a 
specific antitoxin which possesses a definitely measuiable potency In 
a paper by Ferry and co-workers,® lesults weie leported which showed 
the clinical i espouse to this antitoxin among patients susceptible to 
measles in compaiison to the i espouse of similar patients to measles con- 
valescent serum under the same conditions and on the same wards 

In May, 1926, Hibbard and Duval ’’ found a “small Gram positive 
coccus which was noted in cultuie tubes that contained semisohd plasma 
01 hydi ocele fluid The micro-organism occurred singly or in pairs and 
short chains Subsequently a good giowth of the coccus was obtained 
upon ordinary blood agai plants, and under aeiobic conditions at 37 C 
incubation A comparative cultmal study of the various isolations 
levealed then complete correspondence with one another and the coccus 
desciibed by Tunnichff” With 0 2 cc of a 1 10 dilution of a broth 
filtrate of this oiganism, Mussei ® produced a chaiacteiistic skin reaction 
claimed to be indicative of a toxin Just piioi to this, Tunmcliff ® also 

3 Tunmcliff, R , and Taylor, R E Skin Tests in Measles, J A M A 87 
846 (Sept 11) 1926 

4 Ferry, N S , and Fisher, L W Measles Toxin Its Preparation and 
Application as a Skin Test, as an Immunizing Agent, and for the Production of an 
Antitoxin, J A M A 86 932 (March 27) 1926 

5 Ferry, N S Etiology of Measles, Am J Pub Health 17 565 (June) 
1927, Studies on the Etiology of Measles, Cincinnati J M 8 191 (June) 1927, 
Recent Experimental Work on the Etiology of Measles, Nation’s Health 9 51 
(Dec) 1927 

6 Ferry, N S , Gordon, E J , Munro, F W , Steele, A H , and Fisher, 
L W Clinical Results with Measles Toxin and Antitoxin, J A M A 91 1277 
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7 Hibbard, R J , and Duval, O W Studies Upon the Virus of Measles, 
Proc Soc Exper Biol & Med 23 853 (June) 1926 

8 Musser, J H Studies on Immunity to Measles, Proc Soc Exper Biol & 
Med 21 518 (March) 1927 
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produced a skin leaction with a 1 10 dilution of a broth filtrate pre- 
pared from diplococcus In this respect, the organisms of Hibbard and 
Dinal and of Tunnichff are similar m that they produce a filtrate which 
stimulated a skin reaction in a dilution of 1 10 

In May, 1927, Park, Williams and Wilson,® in a papei in which they 
attempted to determine the i elation of the Tunnichff and Ferry organ- 
isms to measles, desciibed several different green-producing micrococci 
which the} had obtained from measles, among which were some similar 
to the Tunnichft diplococcus and some similar to the Ferry streptococcus 
In regard to the production of toxin these authors stated, relative to the 
Ferry and Tunnichff organisms, “in our hands both cultures make a 
toxin, but that from Ferry’s culture is much stronger ” 

In October, 1927, Cary and Day^® described a green-producing 
aerobic gram-positive diplococcus which seemed to be differentiated from 
other ordinary green producers by its reaction on salicin 

The work here presented is based on a study of the cultural and 
serologic relationship between the various strains of green-producing 
micrococci isolated from cases of measles and between these and similar 
micrococci from othei sources The organisms examined were Four 
cultures furnished by Dr Tunnichff, blood 1, throat 2, nose 3 and 
sputum 7 , three cultures from Dr Duval, numbers 1, 2 and 3 , one from 
Dr Cary, number 47, two from Dr Park, R83 and “Tunnichff”, four 
Feiry, 01860, 01933, 01934 and 01935, and six nonmeasles cultures, 
01873 (endocarditis), 01885 (blood culture, infected glands), 01890 
(Vincent’s disease of the gums), 01966 (acute tonsilitis), 01983 
(pyorrhea) and 01987 (acute endocarditis) 

With these organisms the following reactions were studied (1) 
morphologic and cultural reactions on various mediums, (2) cross- 
agglutination, agglutinin absorption and complement-fixation reactions 
with rabbit immune serums, and (3) agglutination, agglutinin absorption 
and complement-fixation reactions with measles convalescent serums 

MORPHOLOGIC AND CULTURAL REACTIONS 

The morphologic and cultural characteristics of fourteen so-called 
measles cultures, isolated by various workers, are summarized in table 1 
For morphologic study, the organisms were grown for eighteen hours 
on vhole blood agar (defibrinated rabbit blood, 0 2 per cent dextrose, 
pu 7 6) and in broth (fresh Aeal infusion broth, 1 per cent Witte’s pep- 
tone, 0 5 per cent sodium chloride, 0 1 per cent dextrose, pn 8) Smears 

9 Park, W H , Williams, A W, and Wilson, M The Relation of the 
Tunnichff and Ferr\ Diplococci to Measles, Am J Pub Health 17 460 (May) 
1927 

10 Car} , W E , and Da\ T ^ The Etioloer\ of Measles, J A M A 89 
1206 (Oct 8) 1927 
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MCie made from the slant and fiom the moistuie of condensation of the 
blood agar cultuies, and from the bioth, and stained by Gram’s method 

Foi carbohydiate fermentation, a modification of Holman’s serum 
broth medium was employed Hoise seium was substituted for cow 
serum and sugai-free broth was used As a contiol, each organism was 
giown m the same medium to which no sugar was added 

Summaiy of Mo) phologic and Cnlhnal Reactions — The four Feri} 
cultures, Streptococci inoihilh, are alike moiphologically and cul- 
turally They are small gram-positive streptococci, occurring in pairs 
and chains of pairs The}'' pioduce a small, smooth colony with a wide 
green zone on wdiole blood agar, glow in a uniform cloud m veal 
broth and aie markedly acid with prompt coagulation and reduction 
m litmus milk They ferment lactose and saccharose and are negative 
in mannit, salicin and inuhn 

Cary 47 gives the same leactions as the Ferry cultuies 

The tw'O cultures from Park (R83 and “Tunnicliflf”) are alike 
culturally but differ slightly morphologically, and are different from the 
Ferry cultures in morphology and in their fermentation of salicm 

No two of the cultures received from Tunmcliff give the same reac- 
tions Throat 2 alone leacts similaily to Park-“Tunnicliff” and to the 
Hibbard and Duval cultuies 

The three Hibbaid and Duval cultures are much alike and agree with 
the Park-“Tunnichff” and Tunnicliff-throat 2, but not with the Ferry or 
Cary cultuies 

In addition, the bile solubility and hemolysin tests aie both negative in 
all cultures 

CROSS-AGGLUTINATION REACTIONS WITH RABBIT IMMUNE SERUM 

For the puipose of obtaining antiserums for making serologic tests, 
labbits w'ere tieated w'lth four Feiry cultures (01860, 01933, 01934, 
01935), two nonmeasles cultuies (streptococcus, nonhemolytic, 01885 
and 01873), and the two cultures received from Paik (83 and 
‘Tunniclift”) 

Pjoductioii of Aiitisciuni — In general, the method used was that 
gnen by Tunmcliff^- for immunizing rabbits to the scailatma stiepto- 
coccus She emphasized the necessit}'- of immunizing with few and small 
doses to avoid pol}walency For the first dose she used the sediment 
from 10 cc of a twenty-four hour growth in ascites dextrose broth, sus- 
pended in saline and killed by heat This was given intravenously, and 
after an inter\al of two weeks small numbers of living cocci (l4 blood 

11 \ single strain was gnen to each rabbit 

12 Tunnicliff, R The Identification of the Streptococcus of Scarlet Fe\er, 
1 A M \ 87 625 (Aug 28) 1926 
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agar slant) weie injected intravenously every week or two to keep up 
the production of antibodies 

Two rabbits each were tieated with the eight cultures after tests for 
agglutinins were made against Bacillus h onchisepticus, one measles 
stiain, 01860, and one nonmeasles stieptococcus, 01873 No labbit was 
used whose serum showed any degree of agglutination to these organisms 
in amounts less than 0 05 cc , corresponding to a dilution of 1 20 
The first dose was composed of the entire sediment from 10 cc of an 
eighteen hour broth culture (0 2 per cent dextrose, Witte’s peptone, 
pH 7 6), suspended in saline and killed by heating for thirty minutes at 
56 C The second dose, given nine days latei, was 1/10 of a blood agar 
culture, and the third dose was 2/10 of a blood agar culture, ten days 
after the second dose All injections were made intravenously 

The rabbits were sample bled and tested for agglutinins from six to 
eight days after each injection The sixth day after the third injection 
one rabbit out of each group was bled to death The remaining rabbits 
leceived four further doses of 1, 2 and 3 blood agar cultures, five 
days apart, and were bled to death five days after the last injection The 
serums were preserved with 0 2 per cent tricresol and stored at from 
6 to 8 C 

Theie appeared to be little difference m the serums, the rabbits 
receiving the more injections in general pioduced serum of higher titer, 
but crossing was relatively the same 

Agglutination Expeaments — Cross-agglutination tests were made 
with the eight measles and nonmeasles cultures used for the immuniza- 
tion of rabbits One culture from Cary, three from Tunnicliff and three 
from Hibbaid and Duval have been tested for agglutinins against anti- 
serums for Ferry and Park-“Tunmcliff” cultures One of the cultures 
from Tunnicliff, nose 3, which produced a rough colony from the first, 
did not lend itself to agglutination Four additional cultures of green- 
producing streptococci from sources othei than measles were tested 
against anti-Ferry serum The results of the latter experiments are 
taken up under agglutinin absorption experiments 

Pi eparation of Suspensions — Suspensions were prepared from the 
sediment from bioth cultures emulsified in phosphate broth and formal- 
dehyde Each culture was transferred daily for several generations m 
veal broth (01 per cent dextrose, pn 8), and an eight hour growth 
inoculated into a flask of the same bioth, incubated for from sixteen to 
eighteen hours, centrifugalized, and the sediment taken up in phosphate 
broth ( 1 per cent Witte’s peptone, 1 per cent disodium phosphate, 0 5 per 
cent dextrose, pn 8) plus 0 5 per cent formaldehyde 

Suspensions for agglutination tests were diluted with phosphate broth 
and formaldehyde to a density corresponding to five times that of a sus- 
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pension of Bacillus typhosus containing 2,000 million organisms per 
cubic centimeter 

Tests — Agglutination tests Avere made by a rapid method developed 
by one of us (A'N ) 01 cc of heavy suspension plus 0 1 cc of 
diluted serum, in small test tubes, shaken slowly for two minutes, 0 5 cc 
of saline added and the results read 

A number of tests Avere made using both the rapid and a standard 
eighteen hour method (0 5 cc of suspension plus 0 5 cc of diluted serum, 
in small pointed tubes, incubated eighteen hours) Suspensions for the 
rapid method are five times as heavy and the serum dilutions are five 
times as concentrated as for the sIoav method The results checked so 
closely that thereafter all tests Aveie made by the rapid method only 

Table 2 — Agglutinahon Results with Measles and Nonmeasles St) rplococci 


Highest Dilution of Serum Showing Definite 
Agglutination Against 

A ■ 

Streptocoeeus 

Streptococcus morbilli (Nonmeasles) 

, K. 



Antiserum lor 

01860 

01933 

01931 

01935 

01873 

01885 

Streptococcus morhilli 

OISCO Rabbit 1 

2 

1 2,000 

1 2,000 

1 2,000 

1 2,500 

1 2,000 

1 2,600 

1 2,000 

1 2,500 

1 2,000 

1 5,000 

1 2,500 
1 2,000 

01033 

Rabbit 3 

4 

1 2500 

1 2,000 

1 2,500 

1 1,000 

1 2,500 

1 2,600 

1 5,000 

1 2,500 

1 2,500 

1 5,000 

1 2 500 

1 1,000 

01031 

Babbit 5 

6 

1 1,000 

1 2,500 

1 1,000 

1 2,500 

1 2,000 

1 5,000 

1 1,000 

1 5,000 

1 2,500 

1 5,000 

1 2,000 

1 6,000 

01035 

Rabbit 0 

10 

1 2,600 

1 2,000 

1 2,000 

1 2,000 

1 2 500 

1 2,500 

1 2 500 

1 2,500 

1 5,000 

1 2,600 

1 6,000 

1 2,600 

Streptococcus (nonmeasles) 

01S73 Babbit 15 

16 

1 2,000 

1 500 

1 2,500 

1 500 

1 2,500 

1 1,000 

1 2,500 

1 1,000 

1 10,000 

1 2,000 

1 2,500 

1 500 

01SS5 

Rabbit 17 

18 

1 2,000 

1 500 

1 1,000 

1 500 

1 2,000 

1 1,000 

1 2,500 

1 1,000 

1 10,000 

1 2,000 

1 10 000 
1 2 500 


Table 2 sIioaas the results of cross-agglutmation tests between Strep- 
tococcus moihilh and tAvo nonmeasles streptococci, table 3 gives the 
results Avith thirteen green-producing micrococci from measles, isolated 
by A arious inAi^estigators 

Summary of Agglutination Evpenments — 1 Serums of high 
agglutinin titei AAere produced in rabbits by three and seven injections 
respectively of micrococci from measles and nonmeasles cases 

2 These serums, preserved Avith cresol and stored in the icebox, have 
retained their agglutinin titers for moie than one year 

3 The four Sti eptococcut moibilli strains and the tAvo nonmeasles 
cultures gaA'e complete cross-agglutination leactions 

4 Car} 47 Avas agglutinated b} anti-Ferry serum but not by anti- 
Park-“Tunnichfif” serum 

13 Noble, A A Rapid Alethod for the Macroscopic Agglutination Test, 
J Bact 14 287 (Noa ) 1927 
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5 Park S3 and Paik-“Tunniclift” cioss agglutinated but did not 
agglutinate against Feiry seium 

6 The Tunniclift and Hibbaid and Duval cultures weie positive 
against Park-“Tunniclilt ’ serum and negative to Feny serum 

AGGLUTIXIK ABSORPTIOIV REACTIONS AVITH RABBIT IMMUNE SERUM 

Agglutinin absorption experiments weie made with the same anti- 
serums and cultures as those used for agglutination Each seiuin was 
absorbed AVith its homologous culture and with heterologous cultures, 
when agglutmable, and agglutination tests iveie made on the resulting 
absoibed serums 

Suspensions foi AhsoipUon — ^These weie piepared from the same 
emulsions as suspensions foi agglutination, as follows on the day a 
test was to be made a suspension was centrifugalized at high speed for 

Table 4 — Scnnn Diintwus 


0 1 cc 

A 1 0 — absorbed seiuni = 1 50 

B 110 — OIccA + OIcc saline = 1 100 

C 1 20 — 02 ccA + 06cc saline = 1 200 

n 110 — 01ccA + 07cc saline =: 1 400 

r 180 — 01ccB + 07cc saline = 1 SOO 

F 1100 — 01fcB + 09ec saline = 1 1,000 

G 1 200 — OlccD + OIcc saline = 1 2,000 

H 1 240 — 0 1 cc B -i- 0 5 ec saline = 1 2,400 

I 1 500 — 01 tor + 04cc saline = 1 5,000 

T 1 1 000 — 0 1 cc P + 0 0 cc saline = 1 10,000 


a long period (fiom twenty to thirty minutes) and a 50 per cent 
suspension of the packed cells made in saline 

The Ahsoi ptwns — Absorptions were also made by the rapid 
method one part suspension (50pei cent cells) plus one part undiluted 
serum plus three paits saline, making approximately a 1 5 dilution of 
serum 

To a centrifuge tube (5 5 by 1 5 cm ) was added 0 3 cc of suspension, 
0 3 cc of serum and 0 9 cc of saline The tube containing the mixture 
Avas placed m a rack, the rack inclined until the tube Avas almost hori- 
zontal and It AA^as then shaken sloAAdy for ten minutes It Avas centrifugal- 
ized foi ten minutes, the lesulting clear fluid draivn off by pipet and 
dilutions made as sboAvn in table 4 

Unabsorbed serum AA^as diluted 1 5 and the same dilutions made of 
it AAflien more than 1 2 cc of absorbed serum was needed, tAVO tubes of 
tbe suspension-serum-saline mixture AAmre made, as more than 1 5 cc 
in this size centrifuge tube does not alloAv for thorough mixing The 
agglutination tests AAere carried out as before 

Table 5 giAes the results of a single agglutinin absorption experiment 
AA ith an antiserum foi Sfi cptococcus morbilh The unabsorbed and 
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absoibed seium dilutions were made at the same time and in paiallel 
When an antistieptococcus morbilli seium was absorbed by its homol- 
ogous stiain, agglutinins for both the measles and nonmeasles cultures 
weie removed When the same serum was absoibed by a nonmeasles 
streptococcus, which it agglutinated, the agglutinins for that culture were 
lemoved while the measles agglutinins were but slightly reduced 

Table 6 is a summary of the agglutinin absoiption results with the 
four stiains of Sti eptococcus morbilh and two nonmeasles streptococci, 
table 7 gives the agglutination and agglutinin absorption results with 
four additional nonmeasles streptococci which culturally are identical 


Table 5 — Aggluhmn Absoiptwn Evpenment with an Aiitisti eptococcus 

Moihtlh Semin 


Antiserum for 




Agglutination* 












Babbit 2 

1 50 

1 100 

1 200 

1 400 

1 800 

1 1,000 

1 2,000 1 2,400 Control 

Before absorption 









against S morbilli 








01860 


+ +++ 

-b-b-b-b 

-b+-b-b 

-b-b-b-b 

-b-b-b 

-b 

— — 

01933 

++J.+ 


-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b 

— — 

01934 



-b-b-b-b 

-b-b-b-b 

-b-b-b 


— 

— — 

01935 


-b-i'-i-'i- 

-b-b-b-b 

-b-b+-b 

-b-b-b-b 

-b-b-b-b 

-b 

— — 

Streptococcus (non 









measles) 01873 


+ + + + 

-b-b-b-b 


-b-b-b-b 

-b-b-b-b 

— 

— — 

018S5 

-f--b + + 


-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b 

— 

— — 

Absorbed by 









S morbilli 01860 









against 01860 

— 

— 

— 

— 





01933 

— 

— 

— 

— 





01934 

— 

— 

— 

— 





01935 


— 

— 

— 





01873 

— 

— 

— 

— 





01885 

— 

-- 

— 

— 





Absorbed by Strep- 









tococcus (non 









measles) 01885 









against 01860 

-t-f-f-t- 


-b-b 

— 

— 

— 

— 

— 

01933 


-}"b+-b 

— 

— 

— 

— 

— 

— 

01934 

-1- 


-b-b 

-b 

— 

— 

— 

— 

01935 

4 - 4 - 

-b-b-b-b 

-b-b 

+ 

— 

— 

— 

— 

01873 

-* +-^ + 

-b-b-b-b 

-b-b-b-b 

+-1 — h 

-b 

— 

— 

— 

01885 

— 









+ + + + , + + + . ++, + and — mean complete, marked, partial, slight and no agglutination 


With Streptococcus morbilh Table 8 gives the results with the green- 
producing micrococci from vaiious workeis 

Sumnmiy of Aggluhmn Absorption Expenments — 1 When a serum 
produced by injecting Sh eptococcus moi billi was absorbed by that cul- 
tuie, both specific and group agglutinins were removed (tables 5 and 6) 

2 When the same serum was absorbed by a nonmeasles strepto- 
coccus, the agglutinins for that culture, group agglutinins, were removed, 
while the measles agglutinins, specific, were only slightly reduced (tables 
5, 6 and 7) 

3 The four Streptococcus moibilli strains appeared to be similar by 
agglutinin absorption 

(a) When an antiserum for 01860 was absorbed by 01933, 01934 or 
01935, the agglutinins for 01860 were greatly reduced 




T\ele 6 — Agghilvnn Absorption Results with Measles and Nonmeasles 

Streptococci 


Highest Dilution of Serum Showing Definite 
Agglutination Against 

— - A . 


Streptococcus 

Streptococcus morbilli (Nomneasles) 


Antiserum for 01S60 

01933 

01934 

01935 ' 

01873 

01SS5 ' 

S morbilii OISOO Rabbit 1 






Before absorption 1 2,000 

1 2,000 


1 2,000 

1 2,400 

1 2,000 

Absorbed by S morbilli 01860 — 

— 


— 

— 

— 

S (nonmeasles) 01S73 1 1,000 

1 400 


1 1,000 

— 

1 800 

Rabbit 2 






Before absorption 1 2,000 

1 2,000 

1 1,000 

1 2,000 

1 1,000 

1 1,000 

Absorbed by S morbilli 01860 — 

— 

— 

— 

— 

— 

01933 — 

— 

— 

— 



01934 — 

— 

— 

— 



01935 1 100 

1 100 

1 100 

1 100 



S (nonmeasles) 01SS5 1 200 

1 100 

1 400 

1 400 

1 800 

— 

S morbilli 01933 Rabbit 3 






Before absorption 1 2,400 

1 2,400 

1 2,400 

1 2,400 

1 2,400 

1 2,400 

Absorbed by S morbilii 01933 — 

— 



— 

— 

01860 1 200 

1 400 

1 400 

1 400 



S (nonmeasles) 018S 1 1,000 

1 1,000 



1 400 

— 

Rabbit 4 






Before absorption 1 2,000 

1 2,000 



1 5,000 

1 1,000 

Absorbed by S morbilli 01933 — 

— 



— 

— 

S (nonmeasles) 01885 1 1,000 

1 1,000 



1 400 

— 

S morbilii 0X934 Rabbit 5 






Before absorption 1 1,000 


1 2,000 


1 2,400 

1 1,000 

Absorbed bv S morbilli 01934 — 


— 


— 

— 

S (nonmeasles) 01885 1 200 


1 400 


1 400 

— 

Rabbit 6 






Btfore ibsorption 1 5,000 

1 5,000 

1 5,000 

1 5,000 

1 5,000 

1 5,000 

Absorbed by S morbilli 01934 — 


— 




01860 — 

1 100 

1 100 

1 100 



S (nonmeasles) 018S5 1 1,000 


1 2,000 


1 2,000 

— 

S morbilii 01935 Rabbit 9 






Before absorption 1 2,400 

1 2,400 

1 2,400 

1 2400 

1 5,000 

1 5,000 

Absorbed by S morbilli 01935 — 




1 50 


01860 — 

— 

1 50 

1 50 



S (nonmeasles) 01SS5 1 SOO 



1 1,000 

1 2000 

_ 

Babbit 10 






Before absorption 1 2,000 



1 2,400 

1 2,400 

1 2,400 

Absorbed by S morbilli 01935 — 




1 50 


S (nonmeasles) 01SS5 1 400 



1 400 

1 400 

— 

S (nonmeasles) 01873 Rabbit 15 






Before absorption 1 800 

1 2,400 



1 10,000 

1 2,000 

Absorbed bv S (nonmeasles) 01673 — 





1 50 



S morbilli 01s60 — 

— 



1 1,000 

1 100 

Babbit 16 






Before absorption 1 200 

1 400 



1 2,000 

1 400 

Absorbed by S (nonmeasles) 01873 — 






S morbilli 018C0 — 

— 



1 200 

— 

S (nonmeasles) 01^ Babbit 17 






Before absorption 1 2,500 

1 1,000 

1 2,000 

1 2,400 

1 5 000 

1 10,000 

Absorbed by S (nonmeasles) 018S5 1 loo 




1 50 

1 200 

S morbilli 01860 1 50 

— 


1 100 

1 400 

1 1,000 

Babbit 18 






Before absorption 1 SOO 

1 1,000 

1 1,000 

1 1,000 

1 2,000 

1 2,400 

Absorbed bv S (nonmeasles) 01885 — 

— 





S morbilii 01660 — 

— 

— 

— 

— 

1 1,000 
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(h) And, conversely, when an antiserum for 01933, 01934, or 01935 
was absorbed by 01860, the agglutinins for 01933, 01934 and 01935 were 
greatly reduced (table 6) 

{c) Also, the agglutinins for all were absorbed fiom an antistrepto- 
coccus morbilh serum by any one strain of SU eptococcus morhilli 
4 Two nonmeasles cultures of green-pioducing streptococci, 01873 
and 01885, while agglutinating antiserum for Streptococcus moi hilh to 
titer, were distinguished from Streptococcus morhlh by absorption 

(a) When an antiserum for Streptococcus morbilh was absorbed 
with nonmeasles streptococcus, the agglutinins for Streptococcus inoi hilh 
weie only slightly reduced (tables 5 and 6) 

Table 7 — Agglutination and Agghittmn Absorption Results with Nonmeasles 

Si) eptococci 


Antiserum for 
S morbilli 01860 


Agglutination 


Babbit 2 

1 50 

1 100 

1 200 

1 400 

1 800 

1 1,000 1 2,000 Controls 

Before absorption against 

S morbilli 01860 
Streptococcus (nonmeasles) 
01890 

01966 

01983 

019S7 

4“ 4*4-+ 

++++ 

+++ + 

+ +++ 

+ + + + 

+++ 

+ - 

++++ 

++++ 

++++ 

4' 4- 4" 4* 
4* 4- 4^4“ 
+ + 4*4“ 

4~4*4 — h 

4 — h4-4* 
4“ 4“ 4“ 4* 

+++ 

+++ 

+++ 

4 — h 

+ 1 1 


Absorbed by 01966 

Against 01966 

01860 

++++ 

++++ 

++++ 

+ + + 

4“ 



Absorbed by 019S3 

Against 01983 

01860 

++++ 

++++ 

++++ 

+ + + + 

++ 

4" 


Absorbed by 01987 

Against 01987 

01860 

++++ 

++++ 

++++ 

+ + + + 

+++ 

+ 

— 


(&) And, conversely, when an antiserum for a nonmeasles culture was 
absorbed with Streptococcus moibilh, the agglutinins for the nonmeasles 
cultuie were only slightly reduced (table 6) 

5 Three nonmeasles cultures, 01966, 01983 and 01987, are presump- 
tively different from Streptococcus motbilh as no one of them absorbs 
agglutinins for 01860 from an 01860 serum (table 7) 

6 Cary 47 and the Ferry cultures are presumptively similar When 
a Ferry serum was absorbed by Cary 47, the agglutinins for each culture 
weie removed (table 8) 

7 The two cultures leceived from Park appear to be similar 
(table 8) 

(a) When an antiserum for Paik 83 was absorbed by Paik-“Tunni- 
cliff,” agglutinins for Park 83 were greatly reduced 

(b) And, conversely, when an antiserum for Park-“Tunnicliff” was 
absorbed by Park 83, agglutinins for Pai k-“Tunnicliff ” were greatly 
reduced 



Iahll 8 — A(j(]lutunn Ab\oil>lion Ri<!iilt\ with Gt lch-Pi odncinq Mihololci l)om Mcada 



Duvnl 3 
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8 Tunnicliff-thioat 2 is piesumptively similar to Park-“Tunnicliff,” 
as It absoibed agglutinins for that cultuie (table 8) 

9 Tunnicliff -blood 1 and sputum 2, while agglutinating m Park- 
“Tunnicliff” serum, did not absoib agglutinin for Paik-“Tunniclif¥ ” 

10 The thiee Hibbard and Duval cultures aie presumptively alike 
and similar to Park-“Tunnichif ” When Paik-“Tunnicliff’ serum was 
absorbed by Hibbaid and Duval 3, agglutinins for Hibbaid and Duval 
1, 2 and 3 and for Paik-"Tunnicliff” weie greatly reduced (table 8) 

COMPLEMENT-FIXATION REACTIONS WITH RABBIT IMMUNE SERUM 

Homologous and cioss-complement-fixation tests were made with 
the same serums and cultures as those used for agglutination 

Pi epai ation of Antigens for Complement-Fixation Tests — Antigens 
were prepaied by a modification of the Wilson and McNeil method foi 
defatted gonococcus antigens 

Each culture was grown for twenty-foui houis on 02 per cent 
dextrose-ascitic agar in Roux flasks of 1 quait capacity, the growth 
washed off m 15 cc of saline and made up to 50 cc per flask Each sus- 
pension was shaken foi fifteen minutes in a mechanical shaker, then 
centnfugalized and the supernatant fluid pouied off 

To the sediment fioin ten flasks in a centrifuge tube was added 50 cc 
of absolute alcohol This mixture was heated in a water-bath at 56 C 
for thirty minutes, and was stiried constantly with a glass rod It was 
then centnfugalized foi ten minutes and the alcohol discarded To the 
residue, 50 cc of Squibb’s ether was added and stiired constantly for 
thirty minutes at room temperature, again centnfugalized, the ether 
discarded and the sediment allowed to dry at room tempeiature When 
thoroughly dry and fiee fiom the odor of ether, the powder was 
triturated in distilled watei plus 0 5 per cent of phenol in the propoition 
of 1 Gm in 200 cc These bacterial suspensions were then autoclaved 
for twenty minutes at a pressure of 15 pounds 

Satisfactory and stable antigens of the sixteen cultures have been 
prepared by this method They are not hemolytic m doses of 0 5 cc of 
a 1 5 dilution, but they aie slightly anticomplementary, and the anti- 
genic units lange fiom 0 5 cc of 1 100 to 0 5 cc of 1 1,000 

The Test — The complement-fixation tests weie made by an adapta- 
tion of the new Kolmer method for syphilis 

Amboceptor and complement were titrated daily Four units of 
antigen (01860) weie used in the complement titration The serum from 

14 Park, W H , and Williams, A W Pathogenic Microorganisms, ed 8, 
Philadelphia, Lea & Febiger, 1924, pp 258 and 273 

15 Kolmer, J A Infection, Immunity and Biologic Therapy, ed 3, Phila- 
delphia, W B Saunders Company, 1924, p 478 
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not less than three guinea-pigs was pooled for complement The fixation 
period was eighteen hours at from 6 to 8 C 

The dose of antigen was from two to four times the antigenic unit, in 
most cases four times, depending on the anticomplementary unit Anti- 
gens, for which we had no homologous antiserum, were used in doses 
of one-fourth the anticomplementary unit 

The serum dilutions were from 1 20 to 1 1,250 The dose was 
0 5 cc of these, making the final dilutions 1 40 to 1 2,500, the same 
dilutions as used for the straight agglutination tests A few of the 
serums were anticomplementary, but the serum from at least one rabbit 
on each organism could be utilized 

Tables 9 and 10 give the results of the complement-fixation tests 
Sumimry of the Complement-Fixation Experiments — 1 The foui 
stiains of Sti eptococcns morbilh and the two nonmeasles streptococci 
showed cross fixation to titer (table 9) 

Table 9 — Complement-Fixation Results with Measles and Nonmeasles 

Sti cptococci 


Highest Dilution ol Serum Showing Definite 
Di-cation Against Antigens of 


_ A. - ■■■ 

Streptococcus 

Streptococcus morbilh (Nonmeasles) 

- A _ ■ « 


Antiserum for 
Streptococcus morbilh 

' 01800 

01933 

01934 

01935 ’ 

01873 

01885 

CISCO 

Rabbit 1 

1 1,000 

1 1,000 

1 2,000 

1 1,000 

1 1,000 

1 1,000 


Rabbit 2 

1 500 

1 500 

1 1,000 

1 400 

1 600 

1 600 

01D33 

Rabbit 4 

1 600 

1 400 

1 1,000 

1 600 

1 100 

1 100 

01934 

Rabbit 5 

1 1,000 

1 1,000 

1 2,000 

1 1,000 

1 500 

1 500 

01035 Rabbit 10 

Streptococcus (nonme isles) 

1 500 

1 500 

1 1,000 

1 500 

1 400 

1 600 

01873 

Rabbit 15 

1 2,500 

1 2,500 

1 2,500 

1 2,500 

1 2 500 

1 2,500 

01855 

Rabbit 18 

1 1,000 

1 500 

1 1,000 

1 400 

1 400 

1 500 


2 Ferry 01860 did not cioss with Park 83 or Park-“Tunniclifi:” 
serum (table 10) 

3 Cary 47 showed maiked fixation against antistreptococcus morbilh 
serum only 

4 Park 83, Park-“Tunniclif¥,” Tunni cliff-throat 2, and the three 
Hibbard and Duval cultures showed fixation with Park 83 and Park- 
“Tunnicliff” serum and were negative to Ferry serum 

5 Tunnicliff strains, blood 1, nose 3 and sputum 7 were negative to 
both Ferry and to Park-“Tunni cliff” serum 


AGGLUTINATION AND COMPLCMLNT-FIXATION TESTS WITH MEASLES 

CONVALESCENT SERUM 

The serum was furnished by Dr Fred M Header of the Detroit 
Board of Health, from patients whose histones were verified by the phy- 
sician who attended them during their attack of measles All the serums 
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\\ ere preserved with tricresol and were filtered clear immediately before 
using This serum \\as being employed by the Detroit Board of Health 
tor piophylactic purposes One hundred and fifty-one serums have 
been studied, but, as many of these were repeated bleedings, lesults with 
the first bleedings only are considered in this report 

Seiums from eighty-three patients convalescent fiom measles weie 
tested for agglutinins for Ferry 01860, Cary 47, Park-“Tunnichf¥” and 
Hibbard and Duval 3, and thirty-nine were tested for complement- 
fixation against antigens of the same organisms These four cultures 
were chosen because they seemed to be the most representatn e of the 
two predominating groups among the micrococci studied 


Table 11 — Aggluimation and CompIemcni-Fi'LaUon Results with Measles 

Convalescent Sciums " 



\ge ol 
Patient 

Time 

Since 

Agglutination Beaction 


Complement Fixation 


f 




< 




‘■cnini 

Wlicn 

Pitient 



Parl.- 

Hibbard 



Park 

Hibbard 

Aum 

Bled 

Had 

Ferry 

Cary 

Tunni* 

• and 

Perrj 

Oarj 

Tunni 

and 

her 

Years 

Measles 

OISCO 

47 

cliff 

Duval 

01S60 

47 

cliff 

Puval 

2 

27 

5 mos 

4332 

443- 





ACf 




u 

34 

1'^ mos 

3442 

4 444 


1-- 

A 0 




•1 

2S 

2 mos 

43 

44 

— 


321- 

211- 

— 

21-- 

0 

L 

2'<, mos 

31-- 

421- 

— 

— 

4321 

4 32- 

— 

321- 

0 

15 

2% yrs 

1 

21-- 

— 

— 

A C 




7 

20 

1 mo 

4 321 

43-- 


— 

A 0 




11 

15 

2 mos 

21-- 

21-- 


— 

21-- 

21 — 

— • 

— 

12 

11 

2 mos 

341- 

31-- 

— 

21 

AO 




14 

19 

2 mos 

31-- 

43-- 


2-- 

32 

32 

— 

— 

15 

24 

3 mos 

321- 

321- 



21-- 

21-- 

— 

1 

10 

12 

15 days 

441- 

44 1- 

— 

— 

21-- 

21-- 

— 

1-- 

17 

22 

3 mos 

— 

— 



A C 




19 

21 

11 mos 

421- 

43-- 



431- 

441- 

4 1-- 

4S-- 

20 

30 

IS days 

32-- 

444- 

— 

— 

31-- 

31-- 

1 

2 

21 

17 

10 mos 

321- 

21-- 

— 

— 

321- 

211- 


— 

22 

20 

3 tvks 

4 432 

4 4 4 4 

1 — 

— 

A C 




25 

23 

2 mos 

21-- 

1 

1-- 

— 

11-- 

11-- 

— 

— 

33 

23 

2 jrs 

4 4 4 1 

4443 

— 

— 

4 4 

4 3 

4- 

4- 

41 

31 

31 ^ irs 

21-- 

33 1- 

— 


321- 

321- 

1 

1 

43 

40 

10 mos 

21-- 

21-- 

— 

— 

— 

— 

— 

— 

41 

10 

10 mos 

221- 

31-- 

— 

— 

— 

— 

— • 

— 

49 

14 

1 mo 

— 

1 

— 

— 

— 

— 

— 



)1 

13 

1 mo 

— 

43-- 

— 





1 

32-- 

21-- 

32 

15 

1 2 mos 

2 

43-- 

— 

— 

1 

1 

— , 

— 

o3 

2S 

Ijr 

— 

— 

— 

— 

1 

1 

— 

— 


* Scrum amounts used in agglutination and complement fixation tests vere 01, 0 05, 0 025 
and 0 01 ec 4, 3, 2, 1, - mean tde complete, marked, partial, slight and no agglutination, or 
complement fixation 

t A C = anticomplementary 


Agglutination tests w ere made by the rapid method, undiluted serum 
being used in amounts of 0 1, 005, 0025 and 001 cc delivered with a 
01 or 0 2 cc pipet to the bottom of the tubes A preliminary reading 
w'as made immediatel} after the twm minute shalnng period and the addi- 
tion of 0 5 cc of saline, and the tests w’^ere allowed to stand at room 
temperature OAernight, wFen the final reading was made Reactions 
with serums of such low titer are easier to read after standing for a 
few hours 

Complement-fixation tests w^ere made by the new’’ Kolmer method, 
the same amounts of serum w’ere used made up to 0 5 cc w’’ith saline 
Table 11 gnes the results with serum from the first twenty-five 
patients, on whom both tests were made, together with the age of the 
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patient and the length of time since the patient had measles Table 12 
gives a summary of the agglutination and complement-fixation lesults 
In addition to these, serums from sixteen patients who had had measles 
not more than two months prior to bleeding weie tested for agglutinins 
against all thiiteen measles cultures being studied 

Summary of Agglutination and Complement-Fixation Experiments 
— Consideimg the eighty-thiee serums tested against the four cultures, 
86 7 per cent agglutinated the Ferry culture, 90 3 per cent Cary 47, 8 4 
per cent Park-“Tunniclifif” and 9 6 per cent the Hibbard and Duval cul- 
tuie 3 The Feiry and Cary cultures often showed maiked agglutination 
in all four amounts, while the Park-“Tunni cliff” and Duval culture 
seldom showed moie than 2 + agglutination in the largest amount 
(0 1 cc) 

Of the convalescent seiums on which complement-fixation tests weie 
made, twelve were anticomplementary, and of the lemaining twenty- 

T\ble 12 — Suiimtaty of Results zvtfh Measlez Convalescent Sciuin 


Agglutination 

- - .A 


Reaction 



Total 

, ^ 



Tested 

+ 

— 

Ferry 01860 

83 

72 

11 

Cary 47 

83 

75 

8 

Park-Tunniclill 

83 

7 

76 

Hibbard and Duval S 

83 

8 

72 


Complement Fixation 

A 


Per 

Cent 

Total 

Reaction 

Per 

Cent 

+ 

Tested 

+ 

— 

+ 

86 7 

27 

21 

6 

78 

903 

27 

21 

6 

78 

84 

27 

9 

18 

33 

96 

27 

13 

14 

48 


seven, 78 per cent showed fixation with both Ferry and Cary cultures, 
33 per cent with Park-“Tunmcliff” and 48’ per cent with the Duval 
culture 

Of the sixteen seiums fiom lecent cases tested against thirteen sus- 
pensions, all agglutinated the four Ferry strains and Caiy 47 One 
serum was positive to all cultures Thirteen were negative to Park- 
“Tunnicliff,” Tunnicliff-throat 2 and the three Duval cultures Nine 
were positive to Tunnicliff-blood 1 and fourteen were positive to Tunni- 
cliff-sputum 7 

AGGLUTININ ABSORPTION REACTIONS WITH MEASLES 
CONVALESCENT SERUM 

Owing to the fact that fourteen of the sixteen serums from recent 
cases of measles agglutinated Tunnicliff’s culture sputum 7, it was 
decided to try absorption tests with such serums As the nonmeasles 
cultuie 01885 crossed so completely with Streptococcus morUlli serum, 
this oiganism also was included 

A number of serums fiom recent cases were tested for agglutinins 
against these two cultures in addition to Ferry 01860, Cary 47, Park- 
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“Tunniclift” and Duval 3, and the five serums giving the highest titers 
were selected for absorption reactions 

Each serum was absorbed by Ferry 01860, Tunnicliff-sputum 7 and 
streptococcus (nonhemolytic) 01885, and the resulting absorbed serums 
Mere tested foi agglutinins against the same three suspensions and 
Cary 47 

For absorption, equal parts of serum and suspension (25 per cent 
packed cells) were shaken slowly in a centrifuge tube for ten minutes, 
centrifugalized for ten minutes and serum removed The absorbed 
serum was considered as a dilution of 1 2, though actually it is not 
diluted that much because of the space occupied by the bacteria in the 


Table 13 — Aggluhmn Absorption Expo iment zuith a Convalescent Seiitm 


Agglutination 


Con^ alescent Serum 14G 

1 10 

1 20 

K. 

1 40 

1 SO 

1 100 

■ \ 

Control 

Before absorption against 







Ferry OlSGO 

++++ 

++++ 

+++ 

++ 

+ 

— 

Gary 47 

++++ 

++++ 

+++ 

++ 

-1- 

— 

ParL Tunnicliff 

— 

. — 


— 

— 

— 

Duval 3 

— 

— 

— 

— 

— 

— 

Tunnicliff, sputum 7 

++++ 

+++ 

— 

— 

— 

— 

Streptococcus 01SS5 

++++ 

+H — 1-+ 


++++ 


— 

Absorbed by Ferry 01860 against 







Ferry O18C0 


— 





Cary 47 

— 

— 





Sputum 7 

++ 

+ 

— 

— 



Streptococcus 01885 

++ 

+ 

— 

— 



Absorbed by sputum 7 against 







Ferry 01860 

+++ 

+ + 

+ 




Sputum 7 

— 

— 


— 



Streptocoecus 01885 

++++ 

++++ 

+++ + 

++ + 



Absorbed by Streptococcus 01885 against 







Ferry 01860 

++ 

+ 


-t- 



Cary 47 

+++ 

++ 

++ 

+ 



Sputum 7 

++++ 

+++ 

— 

— 



Streptococcus 01885 

— 

— 

— 

— 




25 per cent suspension This error, however, is in the right direction 
as it makes the test for absorption that much more rigid 

The unabsorbed serum was diluted 1 2 with saline and each tested 
for agglutinins in amounts of 0 2, 0 1, 0 025 and 0 02 cc , corresponding 
to dilutions of 1 10, 1 20, 1 40, 1 80 and 1 100 

In table 13 are given the results with one of the serums, which is 
typical of the five tested 

Swnnmy and Discussion of Agglutinin Absorption Experiments — 
Ferry 01860 absorbed the agglutinins for Ferry 01860 and Cary 47, and 
almost completely absorbed the agglutinins for Tunnicliff 7 and non- 
measles streptococcus 01885 

Tunnicliff 7 removed the agglutinins for Tunmcliff 7 and slightly 
or not at all reduced the agglutinins for 01860, 47 and 01885 

Nonmeasles streptococcus 01885 removed the agglutinins for 01885, 
slightly reduced the agglutinins for 01860 and 47 and generally left them 
intact for Tunmcliff 7 
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Assuming that the agglutinin-absorption test can be relied on for 
determining specificity and assuming also that the agglutinins found in 
the majority of the measles convalescent serums for Ferr}^ 01860, 
Cary 47, Tunmcliff 7 and nonmeasles streptococcus 01885 are specific for 
Ferry 01860 and Cary 47 and are nonspecific or group agglutinins for 
the other two organisms, the theoretical conditions would be as follows 
Ferry 01860 and Cary 47 would completely absorb the agglutinins for 
Ferry 01860, Cary 47, Tunmcliff 7, and nonmeasles 01885 , Tunmcliff 7 
would completely absorb agglutinins for 7 but not for 01860, 47 and 
01885 , and 01885 would completely absorb agglutinins for 01885 and not 
for 01860, 47 and 7 



Results with agglutinin absorption experiment with measles convalescent serums 

As a matter of fact, the actual results approached closely the 
theoretical expectancy, as may be seen m table 13 and also in the accom- 
panying chart, in which the results are shown graphically 

In the chart, the bottom of the curve, or the horizontal line, represents 
complete absorption, while the tip of the curve represents the limits of 
the agglutination titers 


SUMMARY AND COMMENT 

From the results of this work it seems apparent that the green- 
producing micrococci, described by the several authors quoted, are not 
similar 

Morphologically, culturally and serologically Sti eptococcus morbilh 
strains are identical 

Car)'- 47 agrees in eieiy respect with Sfj eptococcus moibtih 
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The b\o cultuies from Park, designated as R 83 and “Tunmcliff,” 
are essentiall) alike 

The three cultures from Hibbard and Duval are alike and agree with 
the two Park cultures 

No two of the strains received from Tunmcliif are alike 

Throat 2 from Tunnichft agrees with the Park cultures and the three 
Hibbard and Duval cultures 

When the straight agglutination test does not differentiate these 
green-producing micrococci, the agglutinin-absorption test can be 
relied on 

Complement-fixation results run about parallel with the straight 
agglutination results and are no moie specific 

Of eighty-three measles convalescent serums studied, the large 
majority (88 5 pei cent) agglutinated the Ferry and Cary cultures, while 
only a small proportion (9 per cent) showed any degiee of agglutination 
with the Park-“Tunnichfl:” and Hibbard and DuAal cultures, and these 
only in the lowest dilutions of the serum tested 

Evidence, therefoie, has hereby been produced, contrary to some 
opinions previously expressed in the literature, to the effect that the 
Aanous green-producing micrococci obtained from measles included in 
this study are not all similai , in fact, theie is such a wide variation 
between some of them that they do not compare morphologically, cul- 
turally or serologically 

It IS apparent also that if all of these organisms sponsored by the 
several authors mentioned in this paper, are related to measles, m an 
etiologic capacity, it must be as a more or less heterogeneous group 
composed of several distinct tjpes 



Book Reviews 


Ueber das Problem der bosartigen Geschwulste — eine experimentelle 
UND THEORETISCHE UntERSUCHUNG VoN PrOF Dr LoTHAR HeIDEN- 
HAIN Paper Price, 28 marks Pp 153, with 141 illustrations Berlin 
Julius Springer, 1928 

The author’s working hypothesis that malignant tumors arise from an infectious 
origin was developed during forty years of surgical experience During the past 
four years he has submitted it to an experimental analysis About 2,400 white 
mice received injections of autolysates of certain closed carcinomas and sarcomas 
of human origin The methods used in preparing the autolysates and making 
the injections are fully given A 10 per cent suspension of fresh tumor substance 
in normal physiologic sodium chloride solution was also inoculated Certain 
of the mice likewise were inoculated with tumors of animal origin About 6 or 
7 per cent of the inoculated mice developed neoplasms, whicA were studied 
The extensive experimental work is carefully and rather completely presented 
It IS splendidly illustrated, the numerous figures themselves are a real contribution 
to the study of cancer 

There cannot be any doubt that the tumors are real neoplasms Heidenhain 
concludes that white mice may be successfully inoculated with various autolysates 
of human and animal carcinomas and sarcomas A considerable number of the 
mice developed sarcomas after inoculation with carcinomatous autolysate and 
vice versa As a consequence, the author concludes that the actuating influence, 
the "Erreger” or “Agens,” is the same for both carcinoma and sarcoma The 
neoplasms do not develop at the site of inoculation but m some distant region 
Clinically and pathologically, they are essentially similar to those in man Thus 
in spite of the position taken by most pathologists, particularly that adopted at 
the meeting of the German Pathological Society in 1926, the author remains an 
ardent advocate of the theory of infection 

Of major importance in the evaluation of results secured by Heidenhain is 
the question of the origin of spontaneous tumors in white mice The tumors 
reported appeared in from three and one-half months to twenty-five months, usually 
about a year after the inoculation The results would be more convincing had 
the tumors appeared in cancer-free strains such as those developed by Maude 
Slye Differences in interpretation of the thoroughly presented data, however, 
do not detract from the general excellence of the monograph, which should prove 
of especial interest and value to students of cancer research 

Medicine Monographs, Volume XIV Epilepsy By William G Lennox, 
Assistant in Medicine, Research Fellow m Neuropathology, Harvard Medical 
School and Stanley Cobb Bullard, Professor of Neuropathology, Harvard 
Medical School Price, §3 50 Pp 197 Baltimore Williams & Wilkins 
Company, 1928 

This monograph, dedicated to William N Bullard, is not an ordinary treatise 
on the “disease” epilepsy, but a comprehensive analytic study of the factors 
involved in convulsions in general In fact, the authors maintain that our 
knowledge does not permit us to designate any convulsive state as “idiopathic” 
or “essential” epilepsy There is no constant anatomic lesion in epilepsy, and 
only a minority of patients with extensive cerebral pathologic changes have fits 
The authors accept the evidence adduced m favor of vasomotor control of the 
cerebral vessels as conclusive and lay some stress on signs of instability of the 
sympathetic nervous system in epilepsy They hail as the greatest recent advance 
the demonstration that changes in physiochemical processes may modify seizures 
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profoundly Paraphrasing the famous statement of Hippocrates that anyone who 
can render a man humid and dry, and hot and cold by regimen can cure epilepsi, 
thej say “Whoever is acquainted with phjsiology and can render a man acidotic, 
dehydrated and fully oxygenated can also repress this disease, without minding 
purification of narcisistic personalities, ritualistic imperial diets and all other 
illiberal practices of a like kind” Alkalosis and anoxemia are considered of 
importance as convulsive factors, while acidosis often is beneficial whether induced 
by rebreathing, ketosis or the administration of acids or acid-forming salts Anj 
person interested in scientific medicine will enjoy this book 

Modern Medicine Its Theory and Practice Volume VI Diseases or 
THE Nervous Systems, and Diseases and Abnormalities of the Mind 
Original Contributions By American and Foreign Authors Edited by Sir 
William Osier, Bart, M D , F R S , Late Regius Professor of Medicine in 
Oxford University Third Edition Reedited by Thomas McCrae, M D , 
Professor of Medicine m the Jefferson Medical College, Assisted by Elmer H 
Funk, M D , Clinical Professor of Medicine, Jefferson Medical College 

Price, §54 a set, §9 a copy Philadelphia Lea & Febiger, 1928 

* 

The sixth and last volume of the revised edition of Osier’s “Modern Medicine” 
IS devoted to diseases of the nervous system and abnormalities of the mind The 
twenty-one contributors include men who are well known m the field of Medicine 
in both America and England, and each of whom is an authority on his subject 
Among these are Lewellys, F Barker, Joseph Collins, Harvey Cushing and J 
Ramsay Hunt The introductory chapter on diseases of the nervous system by 
Barker should prove valuable to the general practitioner He discusses the 
symptoms and physical observations of nervous disorders in general, discussing 
tlie physiologic background and diagnostic significance of such phenomena There- 
after each of the major diseases of the nervous system is analyzed completely 
and authoritatively by the various contributors The part by Edward A Strecker, 
devoted to the diseases and abnormalities of the mind, emphasizes the importance 
of psj'chiatry in general medicine He simplifies existing classifications and 
points out the significant manifestations presented by patients, m such a manner 
as to make them readily understandable to others than specialists in this field On 
the whole, the third edition of this work succeeds in keeping Osier’s Modern 
Medicine in the front rank of sj-^stems in medicine 

SvpHiLis, A Treatise on Etiology, Pathology, Symptomatology, Diag- 
nosis, Prophylaxis and Treatment By Henry H Hazen Price, §4 
Pp 643, with 165 illustrations, including 16 figures in color St Louis 
C V Mosby Company, 1928 

This convenientl}’^ sized work contains an amazing amount of material, and 
presents concisely every aspect of syphilis It tends to be a compilation, and other 
authors have written a few chapters The text is well illustrated by photographs, 
photomicrographs and colored plates Many of the legends preach unforgettable 
sermons 

The text is valuable in enabling students and practitioners to obtain a bird’s-eye 
view of the disease and become familiar with general principles The most 
valuable feature is that of diagnosis, which is incorporated throughout the early 
chapters and not confined to the one so designated Syphilis in the negro is 
discussed 

The size of the text would permit, and its value would be enhanced by inclusion 
of more of the refinements of s}philologic practice Individualization of patients 
for treatment and more detailed study of contraindications to and complications 
of therapy are of such great practical importance that more space could be 
devoted to them 
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Metabolisme cellulaire et metabolisme des tumeurs Otto Warburg 
Translated by E Aubel and L Genevois Price, 30 francs Pans Felix 
Alcan, 1928 

This IS not an exact translation of Warburg’s “Stoffweclisel der Tumoren” 
published in Berlin in 1926, but it includes some of his more recent publications, 
and thus brings his work m its most recent state before the French-reading public 
On the whole, the work is highly technical, dealing with the methods used by 
Warburg in his work on the metabolism of tissues, and ilvith the results obtained 
by the study of various tissues, especially cancer tissue The work, thus, is of 
interest chiefly to the biologist interested in the fundamental problems of the 
oxidation of tissues, and to the investigator m the field of cancer 

Two chapters of more general interest incorporated within the present volumes 
are “The Metabolism of the Cancer Cell” and "The Present State of the Problem 
of Cancer ” As W arburg’s epoch-making work is not yet available in English, 
this translation may bring his methods, results, conclusions and speculations within 
the reach of a new group of readers 

Epilepsy By William G Lennox, Assistant in Medicine, Harvard Medical 
School, and Stanley Cobb, Bullard Professor of Neuropathology, Harvard 
Medical School Medicine Monographs, V olume XIV Cloth Price, $3 50 
Pp 197, with 14 illustrations Baltimore Williams & Wilkins Company, 
1928 

This IS a valuable and fascinating study of the factors involved in convulsions 
in general The authors, who have done important investigative work m this 
field, also prove themselves equipped with a thorough grasp of old and recent 
research work in physiology, chemistry and pathology which has a bearing on 
this problem While cautious m drawing conclusions and not at all ready to offer 
a solution to the riddle of epilepsy, they lay greater emphasis on chemical factors, 
such as alkalosis and “oxygen lack,” and on disordered sympathetic nerve function 
and arterial spasm, than on the meager and inconstant information given by 
microscopic examination Their reasoning leads them to discard the distinction 
between “idiopathic” and “symptomatic” epilepsy, as this implies a knowledge 
which we do not possess However, they sound this hopeful note “The encourag- 
ing feature is that, although the exact mechanism of seizures is unknown, much 

can be done to prevent and, in the early stages, to cure them It is the duty 

of the physician to search out the various contributing or precipitating factors 
which. 111 the individual patient, may make for seizures Correction of these 
abnormalities may effect sympathetic cure ” The book can be highly recommended 
to the general medical reader as one that deals with a difficult subject in a clear, 
orderl}”^ and interesting manner 

Cushny’s Pharmacology and Therapeutics By C W Edmunds, University 
of Michigan, and J A Gunn, University of Oxford Ninth edition, revised 
Cloth Price, f6 Pp 743 Philadelphia Lea & Febiger, 1928 

Probably no textbook has played as important a part in the recognition and 

development of pharmacology m this country as has Cushny’s Workers in this 

field and m therapeutics will therefore welcome this latest edition, which has been 
revised and brought up to date by Edmunds and Gunn 

The general plan of the work has not been at all altered The chief changes 
in the new edition are the insertion of the drug descriptions and dosages of 
the tenth United States Pharmacopeia, and alterations or extensions of the text 
to conform with progress in pharmacology and therapeutics These changes have 
lengthened the book about thirty-six pages 
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The Ex\mi\atiox of Patients By Nellis B Foster, M D , Associate 
Phjsician to the New York Hospital, Associate Professor of iledicine at 
Cornell Unn ersitj' College of Medicine Second edition, revised Price, §4 50 
Pp 371, uith numerous charts, plates and index Philadelphia W B 
Saunders Companj, 1928 

In rewsing this well known book for its second edition the author has dealt 
briefly with the differential diagnosis of the more important diseases Paragraphs 
on symptomatology are appropriately interspersed with those on systematic or 
regional examination A whole chapter on the febrile diseases has been added 
The diagnostic laboratory procedures have been brought up to date 

For a small manual it contains a wealth of valuable information and could 
profitably be kept on the study table of every senior student and intern 
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PEPTIC ULCER 

THE EFFECT OF PARENIERAL INJECTIONS OF PURIFIED MILK 
PROTEINS ON THE SYMPTOMS AND PROGRESS * 


LAY MARTIN, MD 

BALTIMORE 


This papei appeals only as a piehnimaiy lepoit The lesults of the 
study have been so interesting and some of them so conclusive that I 
could not lesist piesenting the mattei at the present time 
By peptic ulceis I mean those on both sides of the pyloius 
As fai as I can discover, the fiist voluntaiy administiatoi of foieign 
piotein in the tieatment foi peptic ulcei ivas Gottfiied Holler,^ who 
leported on the mattei in 1921 

In 1922, Piibram,- a suigeon m Biei’s Clinic, published his lepoits 
on the tieatment for peptic ulceis with a crystallized vegetable protein ® 
His dosage was giadually inci eased fiom 0 2 to 1 cc His results weie 
moie or less similai to those of Holler Both concluded that this foim 
of tieatment was a valuable adjunct to the aimanientaiium and m many 
ways was much moie reliable than the classic medical tieatment of the 
They diffeied somewhat in their method of administeiing the 
drug, Hollei placed his patients in bed, while Piibiam asseited that one 
of the most maiked advantages lay m the economic side, i e , the tieat- 
ment could be given to ambulatoiy patients in such a mannei that they 
did not lose time fiom woik At that time, such a condition was impor- 
tant m Geimany 


Submitted for publication, Oct 13, 1928 

Address delivered before the American Gastro-Enterolomcal 
A,pnl 30, 1928 


Association, 


of Me^rane^^'^ Gastro-Intestinal Clinic of the Johns Hopkins University School 

1 Holler 1st eine Organische Vaguserkrankung die Ursache des Ulcus 
Veil ricuh Chronicum beim MenscheiU Die Grundlage zu ernes neuen Therapie 
des Ulcus I entriculi und Duodeni, Wien khn Wchnschr 34 223, 1921 

Med^Unf 17938^'^'? des Magen- und Duodenal-geschwure, 

«ri ^ und chirurgische Therapie des Magenge- 

schwure, Klin AVehnschr 2 2112, 1923, Protemtherapie und chirurgische Therapie 
des Magen- und Duodenalgeschwure, Deutsche med Wchnschr 51 141 1925 ^ 

3 The cij^stallized vegetable protein used was novoprotm 
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During the next few }ears, a considerable number of articles deal- 
ing ^\ltb the problem appeared m Germain* Von Fnedncb^ used 
\ anous t} pes of protein and came to the conclusion that the cr} stalbzed 
\ egetable protein n as the best His results \\ ere much less satisfactory 
than those of Holler and Pribram Perutz ^ saw good results in post- 
operatne recurrences of ulcers 

Although \ on Hertlein ° sau decided benefit, he did not belie\ e that 
the ultimate results nere better than those of the old method Baake,’ 
how e^ er, w as quite enthusiastic Kalk ® had excellent results in about 
60 per cent of his cases In a rather large senes — most of wduch gare 
indisputable x-ray eMdence of ulcer — Grote and Bergman® found that 
69 per cent of then patients were greatly helped or cured Hampfel 
used the method frequently with good results 

■\11 observ'ers agree that the first result of the injection was disappear- 
ance of pain , in a great many cases, this is follow ed by a gradual cessa- 
tion of other symptoms until frequently all symptoms have disappeared 
This has usually happened by the third or fourth injection Most of 
the physicians prefer to gl^e the material mtravenouslyg and practically 
all agiee that a slight degree of reaction is necessary, their feeling being 
that there is direct lmpro^ ement m proportion to the amount of reaction 
— recognizing that this must of course, be kept wuthin fairly restneted 
limits Holler thought that wnthout a fairly severe reaction results are 
not to be expected Pribram w'as much more conser^atl^e and with 
Baake Perutz and Kalk, thought that the reaction should be kept at 
a minimum this minimmn being distinctly necessary Von Friedrich 
did not see any relation betw een the degree of reaction and impro\ ement 

The 1 accincunne which was at first used bv Holler Perutz and 
\on Friedrich and which was made from Staphylococcus aincus and 
Bacillus pi odigwsus w'as discontinued on account of the severits of the 
reaction Practically all of the physicians prcMousIy mentioned as well 
as sereral others relied entirely on the crystallized vegetable protein 

4 Von Friedrich Proteintherapie der peptischen Geschwure, Arch f ^ er- 
dauungskr 24 75 1925, Zur Frage der Proteinkorpertherapie des Magen- und 
Duodenal-geschw ure, Munchen med Wchnschr 11 428, 1925 

5 Perutz Parenteral Eiw eisstherapie benn Ulcus Ventricuh, Munchen med 
Wchnschr 52 1527, 1923 

6 Von Hertlein Ueber die Anwendung des ]SIo\oprotins beim Ulcus Ven- 
tricuh und Duodeni, klitt a d Grenzgeb d Med u Chir 35 IS, 1925 

7 Baake Die Proteinkorpertherapie beim Alagen- und Duodenal-ukus ^Iitt 
a d Grenzgeb d kled u Chir 38 404, 1923 

8 Kalk Erfahrungen mit Proteinkorpertherapie des Ulcus Duodeni und 
Ventricuh, Khn Wchnschr 28 1310 1923 

9 Grote and Bergman Ueber No^oprotm Behandlung des Magengeschwure, 
Zentralbl f mn Med 45 337, 1924 

10 Hampfel Die Proteinkorpertherapie mit No^oprotln speziell beim Ulcus 
Ventricuh noch Pribram, Med Khn 26 901, 1923 
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given intiavenously Latei, Ceianke“ reported good results with the 
use of a casein pieparation 

A coinpaiison of the accumulated repoits of many writeis reveals 
the following lathei inteiesting observations (a) In the majority of 
cases, theie is a slight fall in gastric acidity at the end of treatment A 
lepetition of the gastiic analyses in these cases at a latei date showed 
that the acidity was within noimal limits In a fair pioportion of the 
cases theie was no change, and in a few there was a rise in the gastric 
acidity (b) The loentgen-ray examinations m these same cases show 
vaiying lesults Ceianke lepoited disappeaiance of the shadow defect 
in 25 pel cent of his cases, Kalk m 8 pei cent and Piibiam in 7 per cent 
They all agieed that fiequently the amount of spasm is markedly dimin- 
ished 01 the tonicity becomes noimal 

Hampfel, von Giomer,^- Beigei,^^ and Piibiam weie all particulaily 
enthusiastic in the use of the crystallized vegetable protein in cases 
in which medical tieatment has been tiied foi a considerable time with- 
out avail Piibiam paiticularly advised using it when pyloiic obstruc- 
tion appealed to be piesent Under the influence of the protein this 
obstiuction disappeaied and would seem, theiefore, to have been due to 
spasm 

Piibiam advised giving the ciystallized vegetable piotein in a course 
of ten injections, at inteivals of from two to foui days At the end of 
this time, if symptoms still peisisted, he gave another couise In an 
aiticle appearing m 1925, he came to the conclusion that any patient 
going through three cases of treatment without improvement should be 
opeiated on 

The new method has naturally been opposed In making histologic 
Studies on patients coming to opeiation Maix could not find any signs 
of healing in those who had been tieated To meet the lathei sensible 
objection of the piotagomsts that this was to be expected since only the 
patients whose tieatment had been unsuccessful came to oj^eiation, 
Gohrbiandt^^ told of some of his opeiative and histologic expeiiences 
He did not believe that any conclusion can be diawn fiom macioscopic 
examination of ulcei tissue Foi various leasons which weie not con- 
nected with the symptoms of ulcei, he opeiated on seveial patients who 

11 Ceranke Ueber den Erfolg der Reizkorpertherapie bei Ulcus Ventncuh 
und Duodeni, Weiii Arch f mn Med 13 391, 1927 

12 Von Gromer Die therapeutische Wirkung des Novoprotin bei Ulcus Ven- 
triculi, Med Khn 22 991, 1926 

13 Berger Ueber Novoprotin Behandlung des Ulcus Ventncuh und Duodeni, 
Munchen med Wchnschr 27 924, 1924 

14 Marx Zur Wirkung der Proteinkorpertherapie auf das anatomische Bild 
des Ulcus Ventncuh und Duodeni, Mitt a d Grenzgeb d Med u Chir 38 447, 
1925 

15 Gohrbrandt Zum anatomischen Bilde der mit Novoprotin behandelten 
Magen- und Darm-geschwure, Khn Wchnschr 4 2492, 1925 
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had undergone tieatment and weie symptom-free In a senes of seven 
patients not only did he find the ulcers still present, but in some of them 
there was no granulation tissue 

METHOD OF EXPERIMENT 

Twenty-four patients with the history, signs and symptoms and the roentgeno- 
graphic and laboratory eiidence of peptic ulcer were given intramuscular injections 
of milk protein These patients were chosen because the evidence from all sides 
concurred in the diagnosis Other than choosing properly diagnosed cases I bare 
not attempted any other form of selection 

Observations e\tended over a period of eighteen months, but as my interest 
has increased with time the majority fall within the past siv months 

Twenty-three men (two of them colored) and one colored woman were treated 
Their ages were between 24 and 65 Other than peptic ulcer the only compli- 
cations of interest were psoriasis in one patient, bronchiectasis in one and 
arthritis in two 

A nonspecific milk preparation” was used 

All patients received the milk preparation deep m the buttocks Care must 
be taken that one is not making the injection into a deep vein, I have encountered 
this circumstance twice Injections have been given at irregular intervals The 
first patients received from one to three injections at weekly intervals, the later 
ones received from one to seven injections at two to three day intervals The 
dosage was always at 10 cc 

Control roentgenograms were always made, after which the patients were 
given their first dose of the nonspecific milk preparation Twenty minutes later, 
they were given a second glass of barium sulphate, and another series of films 
were taken Films were made at five minute intervals Gastric analyses were 
done just prior to the control films The Ewald test meal was used, and the 
stomach content was removed one hour after ingestion 

Some of the patients were placed on a soft diet for a week , in a few this was 
done because they had been on such a diet for months Others were allowed to 
eat what they wanted 

At various times, a second and a third gastric analysis was done, roentgeno- 
grams were also repeated 

All the patients were ambulatory, most of them being at work while the 
course of injections was being given 

OBSERVATIONS 

The first change that one notices during the tieatment is a marked 
decrease in pain This may happen aftei the fiist injection, and it is 
infrequent that the pain does not decrease by the second or third This 
IS m itself, of course, lather pleasing to the patient Later on, theie is 
considerable decrease in the othei symptoms that accompany the disease 
Regurgitation, eructation and gaseous disturbances of the abdomen all 
disappear in piopoition to the geneial degree of impiovement obtained 
by each individual patient This may vai}'^ consideiably 

16 The nonspecific milk preparation used was Aolan It is distributed in this 
country by the H A Metz Laboratories, Inc, New York, which has been kind 
enough to keep me supplied to the extent of my needs 
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It IS not unusual to have the patient state that on the night following 
the injection he has some inciease of pain, paiticularly pain caused by 
gas As the nuinbei of injections inci eases, less and less focal reaction 
IS obseived 

Locally, I have seen a reaction in one patient This appealed follow- 
ing the thud injection and was evidenced by fevei, local inflammation 
and tenderness The fouith injection five days latei pioduced a much 
smallei leaction Following his thud dose, one patient had a leaction 
with nausea, vomiting and chill followed by sweating In another patient 
this followed the fouith injection 

The lesults of the treatment on the gastiic secietion in twenty-one 
patients aie shown in table 1 The immediate and late effects were 
decidedly diffeient In the fiist gioup theie was an inciease of gastric 
acidity 111 five of the seventeen cases, an appioximate constancy in nine, 
and a tiue deciease in thiee 

Of these twenty-one cases, eight weie obseived after a peiiod of 
fioin foul to eighteen months In this gioup there was an increase of 
acid 111 two, an appioximate constancy m two and a true deciease in foui 

The loentgeii-iay obsei vatioiis aie equally interesting In fourteen 
instances films weie made fioni twenty to thirty minutes after the injec- 
tion of a nonspecific milk preparation It was not possible m any case to 
be suie that theie was definite lelaxation of the musculai tone of the 
stomach within tliiity niinutes aftei the pi unary injection This came 
lathei as a suipiise, foi m light of the excellent work of Muller and 
Peteisen^'^ on the effect of injections of foreign piotein I was hopeful 
of obtaining visible evidence of this occuirence They showed kyino- 
graphic tracings of contraction of the stomach before and after the injec- 
tion of the nonspecific milk pieparation The tracings were obtained by 
inflating a small balloon which the patient had swallowed This was 
distended by an and attached to a manometei which recorded the con- 
ti actions of the muscles of the stomach on a drum This may be seen 
m figure 1 

In eighteen instances, films weie taken just after the completion of 
tieatment In one case only was theie a disappeaiance of the shadow 
defect (figs 2 and 3) In thiee cases theie appeared to be either gieatei 
definiteness of the defect oi moie spasm In six cases eithei a smallei 
defect 01 maikedly less spasm or both weie piesent (figs 4, 5, 6 and 7) 
In the nine remaining cases, a definite change could not be determined m 
the x-iay films made at the end of tieatment 

As many as eight patients weie leexainined from four to eight 
months aftei tieatment When this papei was wiitten, five of them 
showed a smallei defect oi less spasm oi both The other three did not 
show any change 

17 Muller and Petersen Ueber die Wirkung der Proteinkorperinjection auf 
den Magen-innervation, Munchen med Wchnscbr 74 531 and 588, 1927 
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Examinations of the stools foi the piesence of occult blood weie 
made on all except two patients The benzidine slide method was used 
Twelve weie found to give positive tests This did not peisist long in 
any instance 




Fig 3 (case 2) — Normal stomach and duodenum at end of treatment 

It is not a laie occuiience to have patients complain of constipation 
while they aie taking the couise of tieatment A contiol film and one 
taken during treatment in case 17 may demonstiate the cause (figs 8 
to 10) 
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and duodenal ulcer in 
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Befoie I considei the clinical lesults in these t\vent}-four patients, it 
ma}- be wise to divide them into two classes, namely those with acute 
and those with chronic cases In the fiist class aie included all those 
patients who ere having their first attack or their second or third after 
a period of well-being lasting more than from foui to six months In 
the second class are placed those who have had symptoms at varying 
intervals for yeais, those who are fairly comfortable while receiving 




Fig 5 (case 14) — Eighteen months after treatment, showing good tone and 
duodenal defect 

treatment but who have a relapse when treatment is stopped and those 
who have had many acute attacks and are now suffering constant dis- 
comfort Fifteen patients were considered to be suffering from acute 
ulcers and nine from chronic ulcers Twelve of the formei are entirely 
without symptoms , two are decidedly better and one is worse Among 
the nine patients with chronic ulcers, five are without symptoms, although 
tvo of them had partial pyloric obstructions, one is much better and 
three were operated on for lelief fiom s}mptoms 





Fig 6 (case 10) — Spastic stomach and duodenal defect m control. 




Fig 7 (case 10) —Sixteen months after treatment, showing smaller defect and 
perhaps less spasm 
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If this IS placed on a peicentage basis 80 pel cent of the patients 
^\lth acute foims of the disease are sjmptom-free If one includes with 
them the same t 3 pe of chronic case, one finds that 66 6 per cent of all 
patients have been chnicall 3 cured The percentage of cure or better- 
ment in both groups is 83 2 It is also necessaiy to bear in mind that 
after the first week almost all these patients ate all mannei of food 

Only thiee patients came to opeiation, two of them showed ulcers 
on the anterior surface that were not remarkable The thud case showed 
marked adhesions about the duodenum and gallbladder without con- 
stiiction of the pylorus, theie were two healed ulcers in the duodenum 
Gastro-enterostomies w^eie done on all these patients, so sections could 
not be made (table 2) 


COMMENT 

There is no doubt that one maj obtain lemarkable results in the 
treatment of these patients Iw the intramuscular injection of milk pro- 


T \BLE 2 — Clinical Risults on Tivcntv-roni Patients 







Operated On 


Well 

Impro\ ed 

Per Cent 
Combined 

W orse 

Number 

-A_— ^ 

Per Cent 

Acute 

12 

2 

93 3 

1 

0 

000 

Cli>'onic 

5 

1 

6C6 

0 

3 

33 3 

Total 

17 

3 

832 

1 

3 

168 


teiii This fact in itself, although interesting, is not of great therapeutic 
Aalue unless the impiovement so obtained is stable As already noted, 
tw^elve of the fifteen patients wnth acute forms are entirelj^ without 
S 5 mptoms and ha\e been so foi fiom twm to fifteen months Onl} five 
of them haAe been under obseivation foi more than a year, they are all 
clmicall) well The remaindei ha^e been symptom-fiee for from three 
to ten months It is also impoitant to note that these patients have been 
on a full diet Two patients with acute forms of the disease have been 
improved and have prefeired to remain in this state lather than be oper- 
ated on One has become decided!} worse after a temporaiy improve- 
ment and wall, in lu} judgment, come to operation 

Among the chronic cases there have been some startling results One 
patient has been w^ell for eighteen months He received onl} two injec- 
tions of the nonspecific milk preparation, and as he was the first patient 
treated the injections w^ere gnen a week apart In spite of this remark- 
able result, if he came to me today for the first time he wmuld receive 
from five to seAen injections at inteiw^als of fiom tw'^o to three days The 
latter method of timing gives good lesults, but it too mav be changed 
later The patient in case 15, whose reco\er} w^as the most remarkable 
of all, had been sick for tw^ent} }eais For six months, he had been 
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m constant pain and discomfoit Foin da)'s aftei the initial injection, 
he was piactically without pain He leceived one moic injection and 
was allowed to go home He lepoited aftei a peiiod of six months that 
he had been entiiely well excejit foi an occasional mild attack of gas 
distui bailee The othei thiee patients who aie now climcall> well had 
all suffeied foi yeais One of them had had a gastio-enteiostomi done 




Fig 8 (case 17") — Duodenal ulcer with marked six hour retention in control 


five yeais befoie I saiv him, since then he had had many lecuiiences 
and had been miseiable foi six months, just piioi to tieatment with the 
nonspecific milk piepaiation His pain disappeaied after thiee injec- 
tions, and foi the next thiee w’^eeks he tvas tvithout symptoms They 
suddenly leappeaied in gieat intensity, but weie conti oiled by a second 
senes of injections At the time this papei ivas wiitten, he had been 
w^ell foi two months 
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Case 1 ofteis an intcicsting stud) The patient had had many lecui- 
rences in the past foui oi live yeais In spite of medical tieatment his 
condition had lieen getting giadtiall) worse foi the past jeai oi so, and 
during the month befoie the hist injection was made his condition was 
one of gieat discomfoit He leceived thiee injections befoie his pain 
left, and he remained maikedly impioved for six months although he 
had model ate discomfort fiom gas One month befoie admission his 
pain returned, and it could not be conti oiled by the nonspecific milk 
preparation At opeiation, two healed ulceis and many adhesions weie 
found Theie was no obstiuction 

Cases 16 and 5 aie still a mysteiy to me, foi it would seem that the 
same good lesults should have been obtained in them as in the otheis 
The foimei did not show the slightest impiovement At opeiation, a 


Tabu 3 — 1udt7ndual Clwit 



Nonspecifle 

Milk 

Prepa- Vomit- 


Gastric 

Case 15 



Intensity 

of 

Course of 

Date 

ration ing 

stool Analysis 

X Raj 

Diet 

Pain 

Sjmptonis 

Symptoms 

Jan 18 

-i- 0 

0 

74 & 92 Ulcer ol 

pyloric duode- 
nal region 

Regu 

lar 


+ -f "1 


Tan 20 

_ 0 





— 



1- 

4 * 

Peels better 

Jan 25 

0 

0 

— 

— 

— 

0 

0 

No symptoms 

Maich 1 

— 0 

— 

— 

— 

— 

0 

0 

No symptoms 
No symptoms, 
has gained 

10 pounds 
(4 5 Kg ) 

April 23 

— 0 

0 

00 & 70 

^o change 


0 

0 

June 13 

— 0 


30 & 40 

No change 


0 

0 

No symptoms, 
has gained 

4 pounds 
(1 8 Kg ) more 


fanly laige ulcei was found Theie was no obstruction The patient in 
case 5 did exceptionally well aftei one injection He had been on good 
medical tieatment foi months, and the pain which had been present for 
thiee months and which could be lelieved only by codeine sulphate dis- 
appeared in twelve houis after one injection He was so completely 
without symptoms that he did not leceive any moie of the nonspecific 
milk piepaiation Four months later symptoms returned with all their 
foimei intensity Six injections did not give any relief At opeiation, 
a typical duodenal ulcer was found 

The patient in case 9 had a luptured duodenal ulcei five yeais before 
I saw him The leak was lepaiied with a purse-stimg sutuie He had 
seveial lecuiiences and in the last thiee months did not obtain relief 
fiom good medical tieatment Aftei some expei imentmg it was found 
that he could be kept piactically symptom-free if he leceived one injec- 
tion each week oi ten days 

Tables 3, 4 and 5 better demonstiate the typical changes observed in 
some of the patients 
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DOSAGE 

The question of dosage is fai from being settled As alieady noted, 
10 cc of a nonspecific milk pieparation has been the amount used for 
each injection In case 8 a local leaction similai to the Aithus phe- 

Table 4 — Individual Chat t 


Case 16 

Nonspecific 

Milt Intensity 



Prepa- Vomit- 


Gastric 




of 

Course of 

Date 

ration 

ing 

stool Analysis 

X Ray 

Diet 

Pam 

Symptoms Symptoms 

April 2 

+ 

0 

0 

46 & 56 

Ulcer of 
duodenum 

Soft 

+ + 


— 

April 9 

+ 

0 

0 

— 

— 

— 

+ 

++ 

No change 

April 16 

-1- 

0 

— 

— 

— 


0 


Peels much 
better 

April 20 

-1- 

0 



— 

— 

— 

+ 

-1- 

Complains of 
much gas 

April 24 

+ 

0 

— 

60 & 88 

No change 

— 

-1- 

-1- 

No improve 
ment 

Maj 1 


0 



— 


— 

+ 

+ 

No improve- 
ment 

May 9 


0 





-1- 

-f- 

Operation, 
postenor 
gastro-enter- 
ostomy for 
the ulcer 

June 4 


0 




Regular 

0 

0 

No gastro- 
intestinal ' 
symptoms 
eveept some gas 


Table 5 — Individual Chait 


Case 17 

Nonspecific 

Milt Intensity 


Date 

Prepa Vomit- 
ration mg 

Gastric 
Stool Analysis 

X Ray 

Diet 

of 

Pam Symptoms 

Course of 
Symptoms 

April 2 



-1- 

-j-O- 

40 & 75 

Ulcer at 

Soft 

-1-+ 

-f-1- 

— 

April 4 

-1- 

-1- 

blood 

-t-l- 


pylorus, 

atonic 

stomach 

Soft 

++ 



April 9 

-1- 

0 

blood 

+ 

■ ■ 

■ 

Soft 

Very 

*4“ 

Peels muen 

April 13 

-1- 

0 

blood 

0 

— 

— 

little 

Regular 0 

0 

better 

Fells almost 
well 

April 16 

+ 

0 

0 







Slight pain 

-4- 

April 19 

+ 

0 

0 

_ 

_ 


% hour once 
0 

0 

Peels like 

April 27 


0 

0 

10 &, 30 

No change 

_ 

0 

0 

another man 
No symptoms 

Junel 

— 

0 

0 

— 

— 

— 

Very slight 

± 

Working hard 

June 15 


0 

0 

20 & 30 

Smaller 


at times 

0 

0 

No symptoms 

July 1 

— 

0 

0 

— 

stomach 

— 

— 

0 

No symptoms 


nomenon was piodiiced The geneial reactions were piobably due more 
to the presence of a foreign body than to the fact that the patient had 
been sensitized In one case the leaction followed the last of these 
weekly injections (case 18) and in the other, the fouith injection (case 
20) The leactions were not neaih’' so severe as those usually seen after 
tiansfusions 
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A comparison of the lesults obtained in i elation to the time inteivals 
between injections leveals satisfactory lesults following any sequence, 
but woik now”^ undei Avay makes me think that shorter and moie regulai 
inteivals will pioduce the best and most lasting lesults 

CONCLUSION 

In thiee cases not included ni this senes, in which pievious gastio- 
entei ostomies oi lesections had been peifoimed and in which the symp- 
toms of the patients piesented a pictuie much moie typical of adhesions 
than recuiient ulceiations, help w^as not obtained wuth a nonspecific milk 
piepaiation 

If the cases aie followed entiiely fiom the point of view of impiove- 
ment in laboiatoiy studies, it is tine that few^ changes can be demoli- 
sh ated How^evei, when one sees the disappearance of that pinched, 
haggard look, the lesumption of an upiight carnage, an ability to eat 
heartily without feai of consequences and the usual gam in w^eight and 
wdien one lealizes that numbeis of these men had had pievious treat- 
ments without avail, one cannot help but be impiessed with the lesults 
of this foim of tieatment 

Many excellent lesults aie obtained by the classic medical tieatment 
foi ulcei, and time alone wull show whether the paienteial injection of 
a foreign piotem ofEeis a moie peimanent cine Whatevei the futuie 
may demonstiate, ceitainly, the effect of the nonspecific milk piepaiation 
on pain and its lesults when othei methods have failed will justify its 
letention in the theiapeutic aimamentarium 

REPORT OF CASES UP TO JULY 12, 1928 

Case 1 — A white man, aged 48, complained of almost constant pam in the 
upper part of the abdomen which had been present for about six months, was 
not relieved by ingestion of food and was increasing in its intensity His first 
attack, which occurred five years before admission to tlie hospital, consisted of a 
gnawing hunger pain which came on two or tliree hours after meals and tvhich 
was reheied by food Up to six months before admission he had many of these 
attacks, which lasted from four to seven weeks each, and between attacks he did 
not have anv complaints 

Physical examination showed a tired man who had lost weight and looked 
bad There was considerable tenderness in the midcpigastric area The gastric 
analysis was free acid, 20, and total, 36 Occult blood was not piesent in the 
stools The x-ray films showed a stomach rvliich was tremendously irritable and 
which had a filling defect in the duodenum On Nov 11, 17 and 27, 1927, he 
was gi\en 10 cc of a nonspecific milk preparation There was complete relief 
from pain, but he still complained of gaseous distention and fulness These symp- 
toms continued until May, 1928 The gastric acidity was free, 75, and total, 109 , 
x-ray examination did not show any change except less gastric spasm At this 
time pain recuircd which was not alleviated b> three injections of a nonspecific 
milk preparation At operation, two healed ulcers and main adhesions were 
found Following a gastro-enterostomj , he obtained complete relief He was 
ahvays on a regular diet 
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Case 2 — A. white man aged 32 complained of epigastric pain for the first 
time For two weeks he had had a gnawing pain in the upper part oi the 
abdomen which was reheied hj food and which appeared two or three hours 
after meals His appetite was good and he had not lost weight On plnsical 
examination, nothing of note was determined The stool gaie a lainth positne 
test for occult blood, and the gastric anahsis was 26 and 72 On the x-raA films 
a filling defect w as seen in the duodenum, and the stomach w as irritable He w as 
giien 10 cc ot a nonspecific milk preparation on Alaj 1, 7 15 and 23 and on 
June 6 and 13 He was kept on a regular diet and all S 3 mptoms disappeared 
after the second injection At the end of treatment, the gastric anahsis was 
30 and 70, the x-rai films were entireh normal At the time this paper was 
written, he was chnicalh well 

Case 3 — A white man, aged 65 had complained of pain in the upper part of 
the abdomen for the past fi\e months It had been acute and accompanied with 
nausea and Aomiting for the past three weeks For fifteen a ears he had been 
haling recurrences of a gnawing hunger pain in the epigastrium which at first 
had been relieied bi food or soda During the intenal between the attacks, his 
general health was excellent In more recent jears, each attack left him leeling 
a bit weaker and more easih upset The attack which brought him to the clinic 
was b 3 far the worst, and nausea, vomiting and anorexia occurred tor the 
first time 

On phisical examination, the patient appeared tired worn, bent and old with 
a haggard, pinched expression The blood pressure was 100 s 3 stolic, 60, diastolic 
and he had an occasional extras 3 stole he was markedh below weight and com- 
plamed bitterh of pain A\hen light pressure was made over the epigastrium 
The gastnc anahsis was 60 and 76, examination of the stool showed occult 
blood In the x-rav films an atonic stomach with a large filling defect m the 
duodenum was seen He was given 10 cc ot a nonspecific milk preparation on 
April 24, 27 and 30 !Ma 3 2, 3, 11, 14 and 23 and on June 7, 11, 15 and 18 After 
four injections, he was svmptomless occult blood was not found in the stools, 
and he was put on a regular diet On Ma 3 27 the gastric acidit 3 was 50 and 70, 
and III one x-raj film the entire duodenum was visualized, tlie tone of the 
stomach showed great improvement 

On June 7 the svmptoms returned but in a much less severe form Alter 
four injections of the nonspecific milk preparation, he was again in excellent 
condition and remained so until the time this paper was written He looked 
like a different person walked with an upright carriage and was back again at 
his work 

Case 4 — A man aged 44, complained oi a sev ere gnaw mg pain in the pit of 
his stomach For six jears he had had recurrent attacks of gnawing hunger 
pain in the epigastrium which at first was relieved bj- food, but m the attack 
that had persisted for six montlis prior to admission food had less and less abihtv 
to help, and the pain was present almost constantlj A great deal of gas was 
present, but in spite of all this his appetite was good, and he had not lost weight 

Phj sical examination show ed nothing of importance except marked spasm and 
tenderness in the upper part of the abdomen, especialfj in the midepigastnum 
The stool did not show blood, and the gastnc anahsis did not reveal anj free 
acid but a total aciditj of 14 Fluoroscopic examination showed a niche on the 
lesser curv'ature and a marked irregularitj' at the pjlorus On the x-rav films 
repeated examinations had not shown the niche, as it was presumablj a bit on 
the posterior surface, the films did, however show tlie pjlonc irregularitj 
On IMaj 4, 9, 12, 15 19, 22, 29 and on June 5 and 19, 1928, he was given 10 cc 
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of a nonspecific milk preparation, and although his symptoms ^\ere not com- 
pletelj cured he was so much better that he would not consider operation The 
last gastric analysis was 34 and 60 The fluoroscopic examination of the stomach 
■showed a smaller niche He Avas on a soft diet for months 

Case S — A masseur, aged 28, had been haAung gastric symptoms for about 
two 3 'ears The preAuous attacks had lasted for from four to six weeks and had 
been rebelled by routine medical treatment On admission, he complained of 
epigastric pain AA^hich had been present for six months and for w^hich codeine 
sulphate had been gwen recently as the onlj’^ alternatiA^e to constant pain Except 
for considerable tenderness and spasm in the epigastrium, the physical exami- 
nation gaie negative results Gastric anahsis ivas 68 and 92, and the stool 
contained occult blood X-raj”^ films shoived an irritable stomach AAUth a lateral 
cap, but a definite ulcer was not made out On Feb 8, 1928, he Avas given 10 cc 
of a nonspecific milk preparation Tivelve hours subsequently his pain entirely 
disappeared, and he Avas AVithout symptoms for four months During the period 
of Avell-being, the stools Avere normal , the gastric acidity Avas 32 and 42, and the 
x-ray films unchanged On IMay 12, the sj'inptoms recurred Avith all their initial 
intensity Five injections of the milk preparation were of no help, and he Avas 
operated on, May 25 A large, inflamed, indurated ulcer was found, and, oAVing 
to the presence of many adhesions from a previous peritonitis, it Avas necessarj^ to 
do an anterior gastro-enterostomy Relief Avas immediate and absolute 

Case 6 — A Avhite man, aged 28, complained of an attack typical of many he 
had had in the past four years Avhich lasted from four to eight Aveeks with 
periods of complete relief m the interim The symptoms Avere gnawing hunger 
pains AA'liich food relieved for tAvo or three hours and which aAvakened him at 
night There Avas considerable gaseous distention and acid eructation His 
appetite Avas good, and he had not lost Aveight The symptoms Avhich brought 
him to the dispensary had been present for about two or three Aveeks and Avere 
not shoAving any signs of abatement 

Physical examination shoAved nothing of importance except ragged tonsils 
and a tender area in the midepigastrium The stool gave a positive test for 
blood, and the gastric acidity Avas 32 and 60 The x-ray films shoAved a filling 
defect in the duodenum and an irritable stomach A nonspecific milk preparation 
in 10 cc amounts Avas given April 23, 27, 30 and May 2, 10 and 16, 1928 There 
AA^as complete relief from symptoms after the fifth injection, and he had remained 
free from symptoms up to the time this paper Avas Avritten At the end of 
treatment the gastric analysis Avas 48 and 66, the stools did not contain blood, 
and the filling defect in the x-ray films Avas smaller , gastric spasm had also 
decreased He Avas on a regular diet and, furthermore, on June 15 developed 
acute gonorrheal urethritis Avithout gastric symptoms 

Case 7 — This case A\'-as extremely interesting and quite instructive Five years 
before admission, the patient developed symptoms of duodenal ulcer and, not 
being helped by medical treatment, Avas operated on and a duodenal ulcer found 
A pyloroplasty gaAe him relief for a year, but in the past three years he had 
severe attacks similar to those prior to operation, and blood had been found m 
the stool Twice he had been subjected to the so-called Sippy cure BetAveen 
attacks he felt Avell On admission, he complained of an epigastric pain of fiv^e 
AA eeks’ duration Avhich Avas not helped by food He was 44 years old 

On physical examination the man looked cadaverous and Avas bent over with 
pain, AA’hich he localized in the epigastrium There A\^as tenderness at this point, 
^nd marked muscle spasm w^as present The hemoglobin Avas 74 per cent (Sahli) 
and the stools contained occult blood Gastric analysis showed free acid, 62 and 
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total acid, 94, and on the x-ra> films marked irntabilitj' of the stomach was seen 
He responded slowl> to a nonspecific milk preparation which was given m 10 cc 
amounts on April 13, 15, 19, 23 and 27, on Ma3" 2, 15, 16, 19, 22 and 28 and on 
June 4, but after the third injection he felt a great deal better and began to walk 
i\ith an upright carnage At the completion of the sixth treatment he felt quite 
•well and continued so until Ma> 15, when another course of the milk preparation 
was necessitated bj’’ a return of symptoms After that, he remained w'ell Blood 
reappeared m the stools on the recurrence of symptoms but was not found on 
discharge After the second series of injections the free acid was 74 and total 
acid 88, and the x-ra}' films were unchanged He gained 10 pounds (4 5 Kg), 
ate a regular diet and felt extremelj' well He looked like a different man 

C'^SE 8 — L W, the only w'oman m the series, an intelligent negro cook, for 
fi\e 3'ears had had autumnal recurrences of epigastric gnawung pain w^hich w'ere 
temporaril3’’ relieved by food and w'hich usually lasted from four to eight weeks 
For several 3 ears, she had had a moderate degree of arthritis On admission 
she had been having gastric s3mptoms for six weeks, this was the first attack 
to occur in the spring 

The ph3sical examination show'ed a mild arthritis of the knees and some 
tenderness m the midepigastrium Gastric anahsis w'as 40 and 52, and the x-ray 
films show'ed an irritable stomach and a deformed cap Blood w'as not found 
in the stool A nonspecific milk preparation in 10 cc amounts was given on 
Haj' 9, 12, 15 and 17, 1928 Followung the third injection, the patient developed 
a large local reaction (Arthus* phenomenon) , due to a misunderstanding, she 
received a fourth injection, but fortunatel3' the reaction w'as much less intense 
The gastric symptoms practically cleared up, and the arthritis was entireb 
reliev ed 

CvsE 9 — A man, aged 46, had his first s3mptoms three 3 ears before admission 
in perforation of a duodenal ulcer, at operation, a simple purse-string suture 
was made for a closure He came to the clinic complaining of pain of three 
weeks’ duration in the epigastrium, more intense one or tw'O hours after eating 
and temporarily relieved by food Previous to this he had had three similar 
attacks, he had been admitted to the hospital and had recened the Sippy 
treatment 

On ph3sical examination, the man was underweight and tired and was bent 
oier from pain and an epigastrium w'hich w'as tender on palpation The stool 
contained occult blood, and the gastric anabsis v\as 40 and 72 ^Vlthout knowd- 
cdge of the histor3'. Dr Baetjer interpreted the x-ra3’ films as follow's “Defect 
m duodenum due to operative interference” The patient was put on a soft diet 
and given a nonspecific milk preparation, 10 cc at a time, on ]\Iarch 26 and 28, 
on April 9, 16, 19 and 25, kla3 2, 7, 15 and 21 and on June 1 There was some 
immediate improvement in the first three weeks, and in the next six he was kept 
fairh comfortable on one injection a week During the following six weeks he 
was without S3mptoms At the time this paper was written, he was on a soft 
diet and had gamed 8 pounds (3 6 Kg ) 

Case 10 — A man, aged 28, came to the clinic complaining of gnawing hunger 
pains in the epigastrium which came on when the stomach was emptj and which 
were relieved for tw'o or three hours 63 food The attack had been active for 
four weeks and was similar to four previous ones which had occurred during 
the last three 3 ears His appetite was good, and he had not lost vv'eight although 
he was a steel roller 

Plnsical examination gave essentialh negativ'e results The stool contained 
blood, and the gastric anahsis showed free acid, 64 and total, 96 On the x-rav 



MARI IN— PEP riC ULCER 


321 


films a filling defect was found at the pylorus and the stomach was irritable 
The patient was given 10 cc of a nonspecific milk preparation on ISIarch 31 and 
on April 4 and 7, 1927 Sjmptoms and occult blood disappeared after the second 
injection and did not return Later, the gastric analjsis was 56 and 80 On the 
x-ray films the stomach was normal in tone, but the pyloric defect was still 
present 

Case 11— A very sick man, aged 46, presented himself at the clinic com- 
plaining of constant pam in the stomach, of inability to eat and of a steady 
increase in intensity of symptoms of three weeks’ duration Four jears before 
admission, he had had an attack of gnawing pam in the epigastrium wdnch lasted 
about SIX weeks but rvhich rvas temporarily relieved by food and soda At that 
time his appetite was good, and he had not lost weight 

On physical examination the man was found to be sick, worn out, in con- 
siderable pam and markedly underweight There was marked spasm of the 
upper rectus muscles and tenderness on light palpation The gastric analysis 
w^as 52 and 68 The stools contained occult blood On the x-ray films there w'as 
a large defect m the pylorus wnth a probable perforating ulcer The patient 
w'ould not consent to operation, consequently, he was placed on a soft diet and 
given a nonspecific milk preparation m 10 cc amounts on April 16, 18, 21, 24, 
27 and 30 Pam and bleeding disappeared after the second injection, and the 
gaseous distention w'as practically relieved by the end of the treatment He 
gained weight and looked well The gastric analysis w as not done, but the x-ray 
films w'ere unchanged 

Five W'eeks after the end of treatment the symptoms returned, as did the pre- 
vious local abdominal pain The gastric analysis w'as 72 and 92, and the x-ray 
films w'ere unchanged The milk preparation was again given on June 5, 11, 
13 and 19 without relief On June 24 he had a hematemasis and will, I believe, 
now consent to be operated on 

Case 12 — A man, aged 47, entered the dispensary complaining of symptoms 
of twm W'eeks’ duration exactly similar m kind but greater in degree than those 
w'hich brought him to the dispensary one year before w'hen the condition was 
diagnosed as duodenal ulcer and the patient placed on routine medical treatment 
and evidently cured On the return of the gnawing hunger pam, w'hich w'as 
temporarily relieved by food, he had reinstated the same procedure but without 
help He had lost his appetite and w'as very uncomfortable 

On physical examination, the man had a pinched face, was somewdiat below' 
W'eight and w'as quite tender in the midepigastrium Blood w'as not found m 
the stools, the gastric analysis was free acid, 60, total, 84, and the x-ray films 
show'ed a large filling defect in the duodenum and an irritable stomach On 
May 2, 4, 7, 9, 11, 15 and 18, he was given a nonspecific milk preparation in 
10 cc amounts The symptoms entirely disappeared after the third injection 
He began to gam w'eight and by the end of the treatment had put on 8 pounds 
(3 6 Kg ) The x-ray films at this time w ere unchanged The gastric analysis 
was 80 and 110 The condition is cured clinically 

Case 13 — A negro, aged 37, complained of a gnawmig pam m the pit of his 
stomach, his appetite w'as good, but he was afraid to eat The pam aw'akened 
him at night, and the attack had been actne for ten days In the previous two 
years, he had had four or five similar attacks 

The physical examination ga\e negative results There was no blood in the 
stool The gastric analysis w'as 58 and 72 The x-ray films show'ed a filling 
defect 111 the duodenum He was given 10 cc of a nonspecific milk preparation 
on xMay 21, 23 and 28 and on June 4, 7, 11 and 18, 1928 After the second 
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injection, the symptoms had vanished At the end of treatment, the gastric 
analysis was 60 and 90 The defect in the duodenum seemed more pronounced 
and the stomach more spastic in the x-ray films He was always on a regular 
diet and was considered cured clinically 

Case 14 — A man, aged 32, complained of a severe gnawing pain whicli 
started in the midepigastnum and at times spread over the entire abdomen 
Neither food nor soda gave relief His appetite was poor, and the pain kept 
him awake at night In the two years before admission he had attacks in the 
fall and spring which lasted four or six weeks, but at these times food or soda 
gave relief and his appetite was good 

On physical examination, the patient was obviously uncomfortable, looked 
tired and had lost some weight There was definite tenderness in the mid- 
epigastrium Examination of the meat-free stool showed the presence of occult 
blood The gastric analysis showed a hyperacidity — 72 and 94 The x-ray films 
revealed a tremendously irritable stomach with a filling defect in the cap On 
Feb 2 and 8, 1927, he was given 10 cc of a nonspecific milk preparation at 
each injection Four days after the first injection, he was without symptoms, 
and he remained so up to the time this paper was written The gastric analysis 
was 58 and 96 In the x-ray films the stomach was seen to be much less irri- 
table, but the defect m the duodenum still remained He had always been on a 
general diet and after he had regained the 8 pounds he lost prior to treatment, 
his weight had remained constant 

Case 15 — A man, aged 64, had had innumerable attacks of epigastic pain and 
discomfort for the past twenty years The symptoms of which he complained 
in the present attack had been annoying for six months, and in the past two 
months he had been desperately uncomfortable with constant, gnawing pain 
He had been on a soft diet for months and had lost a great deal of weight, 
his appetite was poor During the first attacks the pain had been relieved by 
food or soda, but in more recent years this had been of no avail 

On physical examination, the man was found to be underweight, sick, tired 
and anemic There was a mild generalized psoriasis and marked tenderness and 
spasm m the midepigastric region Occult blood Avas presented in the stool, 
and x-ray films showed an irritable, dilated stomach rvith a large filling defect 
in the duodenum The gastric analysis was 74 and 92 

On Jan 2 and 9, 1928, he received 10 cc of a nonspecific milk preparation 
The pain was entirely relieved in three days, and the discomfort due to gas was 
lessened Two months later he was without symptoms, and he remained so for 
six months after treatment, although three months before this paper was written 
he had an attack of grip Two months after treatment the gastric analysis was 
60 and 70, and the x-ray films did not show any change At that time he was on 
a general diet and had gained 14 pounds (6 4 Kg ) At the time this paper was 
written, the gastric analysis Avas 30 and 46 and the x-ray films still unchanged, 
although he looked like a new man 

Case 16 — A man, aged 43, complained of pain in the upper part of the 
stomach for six months He had been told that he had an ulcer and Avas on a 
soft diet The symptoms had been intensifying and food, Avhich had relieved 
him in his three previous attacks during the past tAvo years, Avas AVithout avail 
He had not lost Aveight, and his appetite had been bad for onb'^ tAVO or three Aveeks 

The physical examination gave negative results except for tenderness in the 
midepigastric area The stools did not contain blood, and the gastric analysis 
shoAved a free acid of 46 and total of 56 Roentgenogic examination shoAved a 
large filling defect in the duodenum 



MAR J IN—PEP'J IC LLCLR 


323 


He was given a nonspecific milk preparation, 10 cc at each injection, on 
April 2, 9, 16, 20 and 24 and on May 1, 1928 At the end of treatment his condition 
was unchanged , the gastric analysis was 60 and 88, and the x-ray plates the same 
He was operated on at the Johns Hopkins Hospital by Dr Dean Lewis, and a 
large indurated but not unusual duodenal ulcer was found A gastro-entcrostomy 
gave him complete relief 

Case 17. — A negro laborer, aged 43, complained of pam m the pit of his stomach 
which was at times relieved by food and at others made worse Symptoms had 
been present for three or four weeks, and at times there had been retention and 
vomiting Eighteen months before admission, he had a similar attack At this 
time, an appendectomy completely relieved him 

On physical examination, he was found to be in good general condition Nothing 
unusual was found except mild tenderness in the epigastrium and marked clapotage 
Occult blood was present in the stool, and the gastric analysis was 40 and 75 The 
x-ray report was ulcer in the duodenum with atonic stomach and partial 
obstruction 

He was given 10 cc of a nonspecific milk preparation on April 2, 9, 13, 16 and 
19, 1928 At the time of the fourth injection the symptoms had completely disap- 
peared, and the stools did not show any traces of blood On the night of the first 
three injections, there had been considerable localized epigastric pain On April 21, 
the gastric analysis was 10 and 30, the x-ray films were unchanged Three weeks 
later, the gastric analysis was 20 and 52, one of the x-ray films showed the com- 
plete outline of the duodenum, but the stomach was still somewhat dilated At 
the time this paper was written, he was clinically well and had been on a regular 
diet for two months 

Case 18— A man, aged 46, complained of symptoms of four weeks’ duration, 
1 c , a gnawing pam on an empty stomach and sour eructation which at first were 
relieved by food, later, he was afraid to eat and gaseous distention became a 
prominent and uncomfortable complication He had two previous and similar 
attacks 

The physical examination gave negative results The gastric analysis was 90 
and 112 The stools did not contain blood, and the x-ray films showed a filling 
defect in the duodenum and an irritable stomach On June 4 and 11, 1927, he was 
given 10 cc of a nonspecific milk preparation All symptoms disappeared after 
the first injection, and he remained clinically cured for thirteen months He was 
at all times on a regular diet A second x-ray film was not made 

Case 19 — For six weeks a man, aged 26, had been having a boring pain in the 
epigastrium which often spread over the entire abdomen and was usually helped 
by food or soda He slept well, and his -appetite was good In the previous four 
j ears, he had five similar attacks which lasted from four to six weeks 

Physical examination gave essentially negative results The stools did not 
contain blood, and the gastric analj'sis was not done The x-ray showed a large 
filling defect in tlie duodenum A nonspecific milk preparation was given m 10 cc 
amounts on March 6, 10 and 15, 1927 Complete relief from symptoms was experi- 
enced after the second injection, and he remained cured clinically He had always 
been on a regular diet 

Case 20, — For four weeks a man, aged 42, had severe epigastric pain which 
was not relieved by a soft diet, antispasmodics and rest In three previous attacks 
lasting from four to eight weeks each, his appetite had been good, and the pain 
had been temporanlj relieved by food or soda He was quite uncomfortable and 
wanted relief quickly 
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On physical examination the man was found to be thin, undernourished, anemic 
and sickh, with bleeding hemorrhoids and spastic upper rectus muscles There 
was marked tenderness oier their region The hemoglobin w'as 74 per cent 
(Sahli), gastric anahsis 58 and 76, and the stool contained macroscopic blood 
On the x-ra> films, a large filling defect w as seen in the duodenum The stomach 
was tremendousli irritable Complete relief from sjmptoms w'as obtained after 
the third of the injections of a nonspecific milk preparation which were gnen, 
10 cc at a time, on April 2, 5, 8, 15, 18 and 24, 1928 At the end of the course, the 
x-raj films w ere unchanged , the gastric anah sis w as 30 and 76 , the hemorrhoids 
had been benefited bj local treatment, he had gamed 8 pounds and looked well 
He was on a regular diet after the third injection His cure was permanent up to 
the time this paper was written 

C^SE 21 — A man, aged 30, complained of a gnawing hunger pain in the epigas- 
trium coming on o or three hours after meals and rehe\ ed bj food or soda The 
attack had lasted two weeks and was the fifth successne recurrence of attacks in 
the fall and spring His appetite was good, and he had not lost weight 

Phjsical examination ga\e essentialh negatne results The stool did not 
contain blood The gastric anahsis was 50 and 70 A filling defect in the duo- 
denum was found m the x-raj films He was kept on a general diet and gnen 
10 cc oi a nonspecific milk preparation on June 4, 10 and 16, 1927 Three da\s 
after the first injection all sjmptoms left, and he remained chmcall} well up to 
the time this paper was written On Juh 6, 1928, the gastric anahsis was 42 and 
64 and the filling defect in the duodenum was much smaller according to the x-raj 
films 

C\SE 22 — A man, aged 30, badlj crippled with arthritis, complained of a 
gnawing feeling in the pit of his stomach It had been present off and on for 
six weeks and was at times temjiorarih relieted by food and at others made 
worse More recenth, there had been some nausea with retention vomiting at 
times 

A similar but less se^ere attack had occurred eighteen months beiore admission 
when the patient A\as m a na\al hospital for treatment of the arthritis There he 
recened mtraienous injections ot mercurochrome-220 soluble and intramuscular 
injections of whole milk without benefit to the arthritis or the gastric discomiort 
Since he had been under autogenous raceme therapj, the arthritis had been greatlv 
helped 

The phjsical examination showed generalized arthritis deformans, slight tender- 
ness m the epigastrium and clapotage The gastric anahsis was 42 and 62, and 
occult blood was found in the stool X-raj films showed an irritable stomach and 
a filling defect in the duodenum There was considerable six hour retention Ten 
cubic centimeters oi a nonspecific milk preparation was giren Ma\ 2 4, 7 and 10, 
1928, and resulted m complete relief from srmptoms as well as the gastric reten- 
tion (as shown bj the x-raj films) He was kept on a regular diet 

The patient also rolunteered the intormation that his joints felt less stiff than 
pre\ loush 

Ca.se 23 — A man, aged 45 had had sjmptoms for four weeks a gnawnng, 
boring pain m the epigastrium more or less constant, usuallj temporarilj relieied 
bj food and accompanied bi a great deal of gaseous eructation and distention For 
three weeks he had been taking a sott diet antispasmodics and alkalis, without 
benefit Four jears before admission, he had a similar attack which lasted for 
two months 
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Physical examination ‘gave essentially negative results The stools did not 
contain blood, and gastric analysis was 30 and 48 The x-rai"^ films showed an 
irritable stomach with a filling defect in the duodenum A nonspecific milk prepara- 
tion (10 cc ) was given May 4, 7, 10, 14 and 17, 1928 The pam stopped after 
the second injection, but the gaseous distention and eructation continued for three 
weeks At that time the gastric analysis was 34 and 52 and the x-ray films 
unchanged He was on a regular diet and wlien this paper was written was 
clinically well 

Cash 24 — In the spring and autumn pievious to admission, a man, aged 27, had 
attacks similar to the present one This attack had been active for three weeks 
with boring hunger pains localired in the epigastric area, usually temporarily 
lelieved by food Medical treatment did not give any help, and the belching and 
regurgitation had become worse 

Physical examination gave essentially negative results The stool did not 
contain blood, and the gastric analysis was 84 and 96 The x-ray films demon- 
strated a filling defect at the pylorus, with an irritable stomach Pie received 
10 cc of a nonspecific milk preparation on May 17, 21, 23 and 25, 1928, and returned 
home feeling greatly improved Six weeks later he was m about the same condi- 
tion He was on a general diet 


SUMMARY 

1 Intiamusculai injections of a puiified milk piotein have been given 
to twenty-foui patients stiffeimg fiom peptic nlcei 

2 Of these patients, 83 2 pei cent have been gieatly nnpioved or 
clinically cuied 

(a) All of the patients weie ambulatoiy 
(h) Pain was the fiist symptom to disappeai 

(c) Othei symptoms disappeai ed latei 

(d) Ten cubic centimeteis was given at each injection 
(c) Theie weie two mild general leactions 

(/) A local leaction occuiied in one patient 

(g) The majoiity of the patients weie on a geneial diet 

3 Theie is no constant use oi fall in gastiic acidity following 
tieatment 

4 Gieat change is not demonstiated by x-iay examination, although 
spasm may be maikedly deci eased and the shadow defect appeal smallei 

5 It is not suggested that this is a permanent cuie It has been used 
foi too shoit a time and in too few cases 

6 The natuie of the reaction pioduced by the milk piotein is 
unknown 
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II PH\SICAL CHARACTERISTICS AKD PHYSICAL FITYESS OF 
ADDICTS DURING ADMINISTRATION OF MORPHINE ^ 

ARTHUR B LIGHT, MD 

AND 

EDWARD G TORRANCE, MD 

PHIL\DELPHI\ 

Among the many problems piesent in connection witli opium addic- 
tion IS one about -which there seems to be a good deal of contro^ers^ — 
Does addiction to this drug bring about physical deterioration ^ A good 
deal of confusion that exists in the literature on this subject is due, as 
Terry and Pellens ^ ha\e pointed out, to Aariation in indnidual suscep- 
tibility and the amount of dailj dosage and to the failure to distinguish 
between drug balance and early withdrawal symptoms 

Opium addicts, A\hen once “hooked,” as the}' so aptly express tlieir 
plight, need a certain dailj- dosage to pre\ent the appearance of “-nith- 
draival symptoms ” In certain t} pes of users, this dosage may remain 
constant in small quantities for years Another and far more numerous 
group IS composed of those who increase the amount used until 
CAentually the}' are forced to undergo treatment or begin reduchon of 
the dose themselves In either event, they must endure some or all of 
the withdraw'al symptoms wdiich are practically always associated wnth 
loss of W'eight and, according to the addict extreme w'eakness 

With this question in mind A\e have studied a series of patients who 
weie addicted either to morphine oi to heroin We beheAe that tlie 
underAvorld t)pe, Avhicli constituted the greater percentage of our cases 
IS the best group for this study as they haAe been subject to the 
A'arious factors mentioned by Tern, and Pellens ^ AA'hich haAe clouded 
the issue of pliA'Sical deterioration and physical fitness Our studies 
consisted in measuring the aa eights heights and Autal capacities making 
thorough physical examinations and subjecting the patients to 
Schneider’s test of physical fitness during the administration of a suffi- 
cient amount of morphine to supph* their needs and comparing these 
obsen'ations Avith normal standards 

* Submitted for publication, Dec 27 1928 

* From the Narcotic Wards of the Philadelphia General Hospital 
Expenses of this research a\ ere defray ed b\ the Committee on Drug Addic- 
tions, Ncav York CiE The research was carried out under the guidance of the 
Philadelphia Committee for the Clinical Study of Opium Addiction in the wards 
of the Philadelphia General Hospital A^hich were placed at our disposal through 
the courtesy of the Director of Public Health CiU of Philadelphia 

1 Terrj, Charles E and Pellens Mildred The Opium Problem, Camden, 
N J , Haddon Craftsmen 1925 
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PHYSICAL EXAMINATION 

A caieful examination in ninety-six cases togethei with infoimation 
gained from the supervision of the physical examination in 450 addi- 
tional cases by the interns on seivice gave the following lesults 

The large majority of the patients were between the ages of 20 and 
40 and their physical status confoimed closely to that of the iioimal 
pel sons of that age and gioup Some showed emaciation which some- 



Fig 1 — Scar formation , the result of sik months’ hypodermic administration 
of heroin 

times leached an extieme degiee, but many were musculai and well 
developed and a numbei weie obese 

The skin was sallow m many cases, but this change in color was 
piacticall} always piesent in patients who lived a rather unhygienic 
sedentaiy life On the othei hand, the skin of those who followed 
healthy outdooi occupations had the color of excellent health 

Distiibution of hail confoimed to that of normal persons A few 
showed piematuie giayness, but the incidence was not out of proportion 
to that for the geneial population 
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Sixty per cent of these nmet^-six patients showed scais of previous 
abscesses, and 5 pei cent had active abscesses on admission to the hos- 
pital These weie usually found over the upper aims abdomen, thighs 
and buttocks Seveial tjpes of scars weie noted The oldei marks 
were pale bluish discoloiations just below the skin which the patients 
dedal ed were due to cocaine The moie recent marks were the result 
of abscesses caused by impioperly disinfected hypodeimic needles or 
by the irritating diluents used with eithei morphine or heroin, the 
a\erage diameter of the abscesses was about 4 cm The abscesses when 
healed left depressed, cicatrized scais The subcutaneous tissue of the 
ai ms, thighs and abdomen was quite f i equently the seat of a good deal 



Fig 2 — Points of injection with discoloration over superficial veins of forearm 
and arm, in addict using 20 grains (13 Gm ) of morphine intravenouslj" daily for a 
period of six months 

of induration and often small, isolated, nodulai masses could be pal- 
pated We have seen one case of tetanus develop from suppurating 
abscesses 

The pupils weie practically always conti acted when the patient had 
had his usual quantity of the drug They reacted to light and in 
accommodation, though somewhat more sluggishly than normally In 
three patients (3 3 per cent) who had been addicted for periods of 
more than ten years, the contraction of the pupils was absent during 
administration of the diug The extra-ocular movements were normal 
The eyegrounds did not show any abnormality of either the retina or 
the vessels 
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The nose rarely (2 per cent of our cases) presented a peifoiated 
septum as a result of the patient snifhng cocaine In 40 per cent of 
oui cases we encounteied considerable congestion of the nose and naso- 
pharynx with increased secretion and consequent difficult} in breathing 
through the nostrils 

Sixt} pel cent of the ninety-six patients examined exhibited a par- 
ticularly high degree of pyoiihea and dental caries Before attributing 
these changes to the continued use of drugs, one must bear in mind 
that these people aie notoiious in their lack of care of the teeth and 



Fig 3 — Active abscesses, the result of two months’ hypodermic injections of 
70 grains (4 5 Gm ) of heroin daily by a fellow addict 

lailuie to consult a dentist Two pei cent had suppurating abscesses 
about the teeth A tremoi of the tongue was piesent m 4 per cent of 
the patients examined Otherwise, the oral cavity showed nothing 
abnoimal The throat (40 per cent) showed a chronic inflammatorv 
•condition, but these peisons are excessive smokers a factor to be borne 
in mind 

The th}ioid was not palpable in a single case The chest was, as a 
1 ule, of normal shape with good expansion In four cases inactive 
fibroid tuberculosis ^\as present, which was confirmed by roentgen 
examination The heait was normal m size as determined b} percussion, 
and the apex beat n as in the normal position Thrills were not present 
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on palpation in any case Heait sounds weie of good quality, and in 
only one case of the ninety-six was a systolic initial mtiimui piesent, 
with no evidence of caidiac decompensation The heait late was slow 
in most cases, the average being 68 beats pei minute Theie was evi- 
dence of sclerosis of the peiipheral vessels in only one patient, a man, 
aged 64, who had a degree of scleiosis consistent with his age He 
had been using moiphine foi thirty-two yeais 

The abdomen was soft and enlargement of the liver oi spleen was 
not noted, nor were we able to elicit any tenderness in the hvei Fecal 
masses were often palpable in the descending colon The extremities 
weie, as a rule, pooily developed, except in patients who performed 
manual laboi or engaged in exeicise, in such peisons the extremities 
were pi opoi tionately developed Definite tiemor of the outstretched 
hands was encountered in 4 per cent of oui cases The degi ee of stain- 
ing of the fingeis due to cigaiet smoking is extieme 

WEIGHTS AND VITAL CAPACITIES 

Methods — One hundied men weie examined foi age, weight and 
height, and compaiisons were made with figuies considered noimal by 
the Mutual Life Insuiance Company of New Yoik An allowance of 
5 pounds (2 3 Kg ) was made for the weight of clothing in the insuiance 
weight tables Vital capacities were determined in eighteen cases and 
weie compared with Dreyei’s table,^ both actual weights and noimal 
weights for height and age being used 


Weights and Vital Capacities of Opium Addicts Dining the Adininisti ation 

of Moiphine 



Number of 

Number of 

Highest 

Lowest 

Average 


Cases Above Cases Below 

Value, 

Value, 

for Group, 

Weight compirecl Mith norrml 

Normal 

Normal 

per Cent 

per Cent 

per Cent 

Height for height ind age 

Vital capacity compared with 
DreyePs normal using oh 
served Height 

Drejer’s class B 

43 

53 

+35 

—24 

+ 02 

10 

8 

+22 

—30 

+ 20 

Drejer’s class 0 

Using subject’s normal Height 
for height 

Dreyer’s class B 

Dreyer’s class O 

12 

6 

+32 

—25 

+ 96 

10 

8 

+22 

—17 

+ 34 

15 

3 

+30 

—11 

+10 5 


Results — Ten persons in the gioup of 100 studied, whose height 
and weight weie measuied, varied 20 per cent from the normal weight 
for the age and height, these ranged 35, 31, 29, 28, 26 and 21 pei cent 
above and 25. 24, 24 and 24 per cent below The average weight above 
normal in the forty-three cases above the mean normal was 18 pounds 

2 Dreyer, Georges, and Hanson, G F The Assessment of Physical Fitness, 
London, Cassell & Co , 1920, pp 115 
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(8 2 Kg), the aveiage weight below noimal in the fifty-three cases 
below the mean noimal was 19 pounds (8 6 Kg ) The aveiage of the 
entne gioup of 100 cases was only 0 2 pei cent above noimal The 
aveiage length of addiction of the patients showing weights above the 
noimal figuies was 10 5 yeais, with an aveiage daily dosage of eithci 
heiom 01 moiphine of 21 giams (1 36 Gm ) The aveiage length of 
addiction of the peisons with weights below noimal was 9 5 yeais, with 
a daily consumption of 22 giains (14 Gm ) of chugs 

Vital capacities in eighteen cases weie compared with Dicyci’s 
classes, which aie as follows 

Class A Aimy and Navy personnel, and any person who has undergone prolonged 
training in either service independent of his orchnarv vocation in life 
Police force 

Athletes and active spoilsmen 
University students (playing games) 

Fire biigade 

Blacksmiths and hoilcrniakeis 
Class B Professional classes (doctois, lawycis, etc ) 

Business men 
Railwaymen 
High grade mechanics 
Clerks, uppei class 
Class C Tailors 

Shopkeepet s 
Shocmakeis 
Printers 
Pottci s 

Clerks, lowei class 
Painters 

Oni subjects classified as to occupations accouhng to then own 
statements, which of couise ate subject to question, weie font chauf- 
feuis, two bookbindeis, one salesman, one faimei, one piintei, one 
driving instiuctoi, one diaftsman, one foieman in a gaiage, one minei, 
one cook on a ship, one i aili oad employe, one bi ass finishei , one repoi tei 
and one unknown They belong, therefoie, in Dieyei’s classes B and C 
No constant significant deviation from the noimal was obseived, the 
vital capacities, when they vaiied fiom the noimal, tended to be high 
lathei than low foi classes B and C 

PHYSICAL FITNESS 

Schneidei’s test “ was applied thirty-one times on twenty-one subjects 
dining the administiation of moiphine The lesultmg scoies lange fiom 
1 to 17 In seventeen of these subjects the scoies range fiom 10 to 17 

3 Schneider, Edward C A Cardiovascular Rating as a Measure of Physical 
Fatigue and Efficiencv, JAMA 74 1507 (Mav 29) 1920 
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The remaining four cases scored as follows one case, 9 points, the 
second case, 8 and 12 , the third, 1 and 5 and the fourth case, 6, 4 and 11 
A perfect score indicating the ideal physical fitness is 18 points ^ The 
test IS based on pulse rates taken while the patient is reclining and stand- 
ing, a compaiison of the two, changes in blood piessure while the patient 
is lechning and standing and the increase in heart rate aftei slight 
exeicise as well as the speed of return to normal 

Our subjects all scored well in the various determinations necessaiy 
except for the change m piessure when they changed from the reclining 
to the standing postuie, in practically all cases, theie was a tendency to 
a fall rather than a rise in pressure Schneider * attributed this in many 
cases to excesswe cigaiet smoking, which invaiiably is noted in oui 
cases The low score of only 1 point obtained in one of oui cases was in 
a pel son who was extiemely neurotic but who did not show evidence of 
01 game disease Theie is no con elation between the various scoies 
and length of addiction, daily dosage and age Schneidei * consideied 
a score below 9 points as indicative of oiganic disease oi unhygienic 
living 

COMMENT AND LITERATURE 

We have been unable to find in the literature any data on actual 
weights, heights, vital capacities and tests of physical fitness in the 
opium addict The vaiiotis statements made in refeience to opium 
addiction and its effects on physical appeal ance and physical fitness 
apparently aie based on limited inspection Levinstein,^® Oslei ® and 
Lambeit ® agreed that the drug may be used foi months befoie any signs 
of emaciation appeal Osier ® and Lambert ^ also stated that some 
persons can use the drug foi several years without showing emaciation 
Kraepehn " called attention to the fact “of how little the symptoms of 
the disease may catch the eye ” Bishop ® advanced the theoiy “that the 
same powei which locked up the opiate in the body also locked up the 
toxic products of tissue metabolism ” According to Bishop,® if the addict 

4 Schneider, Edward C , and Truesdell, Dorothy Daily Variations in Cardio- 
V ascular Conditions and a Physical Efficiency Rating, Am J Physiol 67 193 
(Dec) 1923 

4a Levinstein, Edward Die Morphiumsucht, tr bv Charles Harrer, 1878 

5 Osier, W The Principles and Practice of Afedicine, 1894, ed 6, New 
York, D Appleton &. Company, 1905, pp 1160 

6 Lambert, A , In Nelson’s Looseleaf Medicine, New York, Thomas Ne'son 
& Sons, 1920 

7 Kraepehn, Emil Lectures on Clinical Psychiatry, tr from ed 2 (German) 
rev and ed by Thomas Johnstone, ed 3, London, Bailhere, Tindall & Cox, 1913 

8 Bishop, Ernest S Narcotic Drug Problem, New York, The Macmillan 
Company, 1920, p 47 
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maintains “good elimination” he will escape detection and not show any 
signs of physical deterioration for years In the few lecognized cases 
of opium addiction that have come to autopsy, whether the diug was 
being taken at the time of death or not, the pathologic changes found 
have been insignificant (Ball,® Andeis and Mussei,^® and Allbutt “) 

Bishop ® and Morat both stated that they found not only enlarge- 
ment of the liver, but tenderness over this aiea during addiction We 
have been unable to confiim this observation in any case in which 
morphine was being administered in sufficient quantities to prevent with- 
drawal symptoms The contracted pupils are by far the most constant 
physical sign, as most observers state, and may justify one in considering 
the possibility of addiction 

We do not doubt the existence of the extieme cases of emaciation 
leported in the literature It is inevitable that some users of opium will 
at a certain time m their lives leach this degiee of physical impairment 
Sooner or later, the great majority exhaust their funds, and it becomes 
a matter of eithei drugs or food At this point they invariably pur- 
chase diugs They tend then to resoit to cures or to attempt themselves 
to 1 educe their dosage, with consequent withdiawal symptoms 

This point IS best illustrated by one of oui patients who immediately 
after his first treatment in our ward again began the use of the drug 
when^dischaiged from the hospital Within a period of two months, 
during which time he was unable to obtain a sufficient amount of the drug 
and sufficient food, he lost 30 pounds (13 6 Kg ) He then returned 
to our ward wheie the drug, in quantities sufficient to prevent with- 
diawal symptoms, and abundance of food were administeied for several 
days before treatment was begun He showed a lapid gain in weight 
in this short peiiod before tieatment 

There is a diiect latio between the decline in strength and weight and 
the numbei of times the addict cui tails his food in order to get the diug 
We agiee with the statement of Bishop® that if the drug is used in 
sufficient amounts m relatively nonnal hygienic surroundings, the opium 
addict will escape detection for years and will not show any obvious 
physical detei loi ation oi impaiied physical fitness 

9 Ball, B Des lesions de la morphinomanie, et de la presence de la morphine 
dans les visceres, Encephale, 1887 

10 Anders, J At, and Musser, J H Practice of Medicine, Philadelphia, 
W B Saunders Co , 1920 

11 Allbutt, Thomas C A System of Medicine, London, The Macmillan Com- 
pany, 1905 

12 Morat D Le sang et les secretions au cours de la morphinomanie et de la 
desintoMcation, Pans, G Steinheil, 1911, p 180 
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' CONCLUSIONS 

We have been unable to detect any marked physical deteiioiation or 
impairment of physical fitness aside from the addiction per se in the 
series of cases of opium addiction studied duimg the administiation of 
morphine 

We believe that the existence of considerable emaciation in ceitain 
cases IS caused by the unhygienic and impoverished life of the addict 
lathei than by the diiect effects of the ditig 



THE VENTRICUL \R ELECTROCARDIOGRAIH 

AN i:XPLlUMnNT\L STLD\ "" 

HAROLD L OTTO, MD 

XLW YORK 

The experimental woik on the ventncular electrocai diogram by 
Rothberger and Lewis and then co-woikeis, Wilson and Henmann,^ 
Smith,- and otheis, indicates that the piincipal divisions of the electio- 
cardiogram, namely, the QRS complex and the T wave, may not 
be commonly oi equally affected undei abnoimal conditions, and 
that this IS because the QRS lepiesents the excitation and the 
T wave the letieat of the process b} virtue of which the con- 
traction occurs The practical value of the unequal i espouse for dif- 
ferential diagnosis suggested an investigation of the cuive of the 
ventricle from this angle and the lepoit which follows is concerned 
with the nature of the disturbances required to affect the component 
portions of the ventricular electrocardiogram , in other words, the 
relation of the changes m the QRS (an in this connection also the 
associated question legarding arborization block was involved), the T 
wave and the RT period, to the injury or destruction of heart muscle 
When coronal y vessels are closed a close parallel between the changes 
m the muscle and the T wave of the electrocardiogram does not exist, 
although right and left ventricular effects are associated with opposing 
actions on the T wave ^ 

METHOD 

Forty expeiiments weie performed on dogs under chloretone 
narcosis, section of the vagus nerves, artificial respiration and 
the heart exposed by lemovmg the sternum The heart mus- 
cle was destrojed by the injection of 95 pei cent solution of 
alcohol In some of the experiments, bundle branch block was 
induced in order to compare the effect of the injections with those in 
which conduction through the bundle was undisturbed The electro- 
cardiograms were taken with axial (R A -L L ) and transverse (across 

* Submitted for publication, Oct 20, 1928 

=^From the Laboratory of Physiologj, Faculty of Medicine, Pans 

1 Wilson, F N , and Herrmann, G R Bundle Branch Block and Arbori- 
zation Block, Arch Int Med 26 153 (Aug) 1920, An Experimental Study of 
Incomplete Bundle Branch Block and the Refractory Period of the Heart of the 
Dog, Heart 8 229, 1921 

2 Smith, F kl Experimental Obser^atlons on the Atypical QRS Waves 
of the Electrocardiogram of the Dog, Arch Int Med 26 205 (Aug ) 1920 

3 Otto, H L An Experimental Studj of the Extracardial Nerves IV 
The Coronary Arteries, Heart 3 691 and 697, 1928, Ueber die Beziehungen der 
Accel zur den Folgen der Unterbunding \on Coronargefassen, Arch f d ^es 
Physiol 37 528, 1927 
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the thorax, and perpendiculai to the axial) leads The effect of making 
small -variations in the line of the leading was also studied in many of 
the expel iments The electrodes employed were heavy copper pins, and 
the line of the leading could be varied without distuibing the primary 
lead by the insertion of othei electrodes 

RESULTS 

Extensive destruction of the heart muscle in the dog can be made 
before it causes circulatory failure The injection of an irritant like 
hypei tonic saline solution into the muscle does not significantly alter the 
electrocardiogram These were obseivations also made by Eppmger and 
Rothberger,'^ who first studied the effect of this type of injury to the 
heart Therefore, the electrocardiographic changes which occur from 
injections of alcohol are solely due to the destruction of the muscle, 
irritation of the muscle playing no part In this connection two further 
points of interest appeared, namely, that mechanical iiritation of 
the ventricular muscle was also without effect on the electrocardiogram, 
and, the amount of injection which was usually necessary to affect 
the T wave permanently was considerably less than that required to 
affect the QRS Contrasted to the T wave, this portion of the electro- 
cardiogram was stable and did not give indication of the changes, i e , 
the destruction of muscle, which had taken place within the myocardium 

THE CHANGES IN THE T WAVE 

The injection into the muscle of the right ventricle tended to cause 
negativity of the T wave and the ST fusion, although this was rarely 
pronounced, even when the injection of the right ventricle was extensive 
This observation was also made by Eppmger and Rothberger ^ Fre- 
quently an injection into the conus region or in the upper corner of the 
right ventricle on the right margin of the heart caused the temporary 
elevation of the T wave and RT fusion ® No portion of 
the right ventricle had a specific influence on the T wave The 
effects of injection into the conus, apex, central and right upper portions 
were compared The effect produced on the T wave was occasionally 
positive in one lead Discordant effects could be made concordant, 
however, without affecting the direction of the QRS by altering the line 
of the leading (not its direction) This was also observed ® with regard 
to the action of the accelerator nerves on the T wave 

4 Eppmger, H , and Rothberger, C J Zur Analyse des Elektrokardiograms, 
Wien klin Wchnschr 22 1091, 1909 

5 By RT fusion is meant the peculiar form of electrocardiogram m which the 
T begins before the complete descent of the second limb of the spike R to the 
iso-electnc line ST fusion is the obverse form 

6 Otto, H L An Experimental Study of the Extracardial Nerves I, 
Heart 3 691, 1928 
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Fig 1 —Axial (R A -L L ) leading, time in fiftieth seconds A is the normal, 
B, C and D the changes uhicli followed destruction of muscle in the left ventricle’ 
The cur\es were taken immediatelj% fi^e and ten minutes after the injury 
E represents a permanent increase in the QRS time which followed destruction 
of muscle m the septum in the region of the left bundle Note the final change 
in the RT interval from the injur\ to the left ^entncular muscle (D) 
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Injection into any poition of the left ventiicle caused the imme- 
diate appearance of the exaggerated RT fusion which Eppinger and 
Rothberger “ reported This was not a peimanent effect, however, 
but leceded in a few minutes to the original form of the electrocar- 
diogram or to one which differed from it by the elevation of the RT 
inteival above the iso-electiic line, associated with an increase in the 
positivity of the T wave (fig 1) Since an irritation of the muscle from 
the injection will not explain the eailier effect, the latter must be the 
lesult of a transient, widespread paralysis of muscle function 

The degree of permanent change in the RT interval and T wa\e 
depended on the line of the leading as well as on the amount of muscle 



Fig 2 — Time in fiftieth seconds, A is the axial (R A-L L) lead, B, trans- 
verse lead , C, transverse lead, with the right electrode placed higher in the wall oi 
the right side of the chest , D, right electrode placed lower in the wall of the chest 
A'B'C'D' indicate the alteration in the form and direction of the T wave after 
destruction of a small area of muscle in the wall of the left \entncle Note how 
the line of the leading favors the appearance of RT fusion, C 


•destroyed by the injection, since small variations in the latter (often 
involving a change in the line of the leading not more than 30 degrees) 
altered the form and direction of the T wave or presented vaiiations 
not observed m the other leads (figs 2 and 3) 

A comparison of the effect of injection into the vaiious portions of 
the left ventricle (the base, apex, papillary muscles and interpapillary 
regions) indicated that involvement at the basal portion of the 
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left ventricle did not induce enduring RT fusion, but that 
the injection into the apex or the interpapillai y region frequently did 
so, and tliat the aiea of muscle destroyed which most unifoimly yielded 
this effect was the inteipapillaiy area and the adjoining portions of the 
bases of both papillai*)'^ muscles Sometimes only a small area of injec- 
tion 111 this location was necessary to induce the RT fusion, one which 
did not destroy the entne thickness of the wall or involve the endo- 
cardium The second branch from the circumflex division of the left 
coionary arteiy usuallv supplies this portion of the left ventricle, and 



Fig 3— Time in fiftieth seconds A, B, C and D are the same lines of leading 
as in figure 2 This electrocardiogram was taken immediately after the injection 
into an area of muscle at the upper right corner of the right ventricle Note the 
differences m the recorded effect when the line of leading is altered 

the fiequenc} with which this electiocardiogiam was found to occui 
after the ligation of this vessel ^ confiims the obseivation 

Stimulation of the left acceleratoi nerve increased the RT fusion, 
whereas the stimulation of the right nerve lessened it, causing the 
descending limb of the R spike to descend closer to the base line befoie 
the beginning of the T wa^ e associated with a diminution in the height 
of the T, fiom which it ma) be infeiied that the action of the acceleratoi 
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nerves on the T wave of the electrocardiogram is not altered in the 
presence of myocardial injury or an abnoimal type of electrocardio- 
graphic curve 

The line of the leading was also one of the conditions of impor- 
tance in favoring the appearance of this form of electrocardiogram 
when other conditions were predisposed to it (figs 2 and 3) 

Greatly disturbing the heart by inserting a small knife into the 
left ventricle and injuring the septum caused it to disappear from the 
axial lead (its appearance in other lines of lead was not investigated) 
The R wave then descended to the base line or below it before the begin- 
ning of the T wave These observations suggest that its appearance 
depends on a particular balance or sequence in the order of excitation 
and retreat in the myocardium 

Injection into the septum was tested in six dogs, but the effect of 
the destruction of the muscle of the septum was not satisfactory, bundle 
branch block was the constant result of the injection whenever a large 
aiea of the muscle of the septum became involved 

THE CHANGES IN THE QRS 

Voltage and Notching — Although the extensive destruction of the 
muscle of the myocardium was frequently associated with a diminution 
in the voltage of the QRS, it occurred as a rule with notch- 
ing However, primary diminution in the voltage can occur from 
a great decrease in the volume of active muscle Diminution in the 
voltage followed the extensive destruction of the heart muscle when 
bundle branch block was present, and also, under the same conditions, 
there was diminution m the voltage of premature beats elicited from the 
conus region without a change in their form But the amount of muscle 
which it was necessary to destroy in order to affect significantly the 
voltage of the electrocardiogram was too extensive to justify the deduc- 
tion that this can be a cause of a low voltage when it is present in the 
human electrocardiogram The conclusion was inevitable that the 
actual amount of gross injurj a heart sustained up to the point of causing 
the failure of its function is a factor of minor importance in the deter- 
mination of the voltage of its electrocai diogram The common experi- 
mental association of an excellent voltage and cardiac beating so feeble 
that it IS barely visible is also indicative of the same conclusion (fig 4) 

The appearance of notching in association with the diminished 
voltage indicates that frequent and rapid changes in the position of the 
electrical axis of the heart are occuiring’^ This is the effect anticipated 
from the destruction of large or scattered areas in the myocardium 
However, the inference from an electrocardiogram presenting notching 


7 This IS also the case when coronary vessels are ligated 
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that the changes in the electncal axis are the effect of changes occuiring 
in the heart muscle is hardly justifiable until it is certain that an altered 
position of the heart with lefeience to the leads is not responsible for 
it ® Figure 5 illustrates the appearance of a complicated notching in 
the transverse lead obtained by a slight alteration in the line of the 
leading, and figuie 6 is one in which the line of leading is unchanged 
but the position of the heart is alteied The conditions suiiounding the 
appeal ance of notching were unrelated to the QRS time 

AltemUon of the Dhectioii of the QRS — A great diminution in the 
functioning muscle of the \entiicles did not vaiy the principal direction 



Fig 4 — Time in fiftieth seconds The right branch of the bundle has been cut 
A IS the axial lead, A', the transverse lead, B and B' are these leads after the 
destruction of practically all the muscle of the external wall of the right ven- 
tricle Note the diminished voltage and QRS time C and C are these leads after 
destruction of muscle in the left ventricle and circulatory failure The voltage is 
greater than when the heart was beating with good force and maintaining the circu- 
lation 


8 It IS to be noted in passing that another cause of notching exists, namely, 
an altered conduction order through the branches of the bundle The section of 
one of the mam divisions of the left branch of the bundle of His, for example, 
mav produce notching m either the transierse or the axial lead when it does not 
alter the direction of the QRS (fig 9) 
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Fig 5 — Time in fiftieth seconds A B, C and D show the same lines of 
leading as in figure 2 Complicated splintering with diminished voltage dependent 
on the line of the lead 



Fig 6 — Time in fiftieth seconds, axial leading The right branch of the bundle 
has been cut, and the second figure shows the effect of altering the position of the 
heart with reference to the line of the leading The cardiac apex was tilted upward 
and to the right (The equivalent of a counter-clockwise rotation on the transverse 
axis of the heart ) 
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taken by the curve This receives confiimation in the effects 

obtained when coionary vessels are ligated,” wheieupon large areas of 
muscle are thrown out of function wnthout influencing the diiection of 
the QRS In this connection it is of inteiest to note that although the 
latio between the w'eights of the right and left ventricles of the dog 
(excluding the septum) presents considerable ^arlatlon w'hich follow^s 
the w'eight of the dog,’” the direction of the QRS is ahvays upright It 
IS probable that “preponderance” cur\es when they do not involve an 
alteiation in the position of the heait with refeiencc to the leads must be 
explained on the basis of the excitation older wnthin the heart without 
regard to the masses of muscle iiTvolved 

The QRS Time — As already mentioned, the onK significant effect 
of injection into the muscle of the septum w'as the appeaiance of a 
bundle branch block Since the injections into the outer walls of the 
light or left ventiicles nevei lesulted m bundle branch block oi an 
increase m the QRS time, it could only be the effect of an injury to 
the bundle or its branches and not the muscle of the septum This 
was further tested in six expeiiments In making an extensive injec- 
tion around the jDOints at wdnch the main branches of the bundle 
reach the external w^alls of the ventiicles, namely, the central region of 
the right ventricle, the pajoillary muscles, the junction of the left ven- 
tricular wall and the septum at its uppei and middle thirds In one of 
tliiee animals into wdnch an injection was made into the cential legion 
an increase in the wndth of the QRS wntli a form resembling that of 
light bundle branch block occurred aftei several of the injections, which 
endured after each injection foi a few’^ minutes only before the QRS 
time was again normal (fig 7), but the widest possible injection wdnch 
did not involve the septum w'ould not induce a permanent mciease in 
the QRS time in any of the experiments To the contraiy, a distinct 
tendency exists for the QRS time to be diminished after the extensive 
destiuction of the m}ocaidium (fig 4) 

In figure 7,f, the small QRS time after the section of the right 
bundle follow^ed by a decisive increase wdien one of the divisions 
of the left bundle has been se\ered suggests that the right 
bundle has not been completely seveied m this instance This, how- 
ever, Avas not the case because the postmortem examination showed that 
the light branch Avas completely seA^ered The peculiar form of electro- 
cardiogiam Avhich this illustration leveals, the appearance of a QRS 

9 Lewis, T The Experimental Production of Paroxysmal Tachycardia and 
the Effects of Ligation of the Coronary Arteries, Heart 1 98, 1909 Smith, F M 
The Ligation of Coronar\ Arteries Avilh Electrocardiographic Stud>, Arch Int 
Med 22 8 (Jul>) 1918 Otto (footnote 3) 

10 In the lighter dogs it inclines toward ccjualitA, and in heaAA dogs it greatly 
faAors the left Aentricle 
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tune less than is expected with light bianch block associated with a 
QRS wave downwardly directed, the last stroke of which fuses 
without deal demarcation into a markedly positive T wave, was the 
charactei istic cuive m the axial lead when the combination of right 
branch block and the changes giving rise to the RT fusion were present 

VRBORIZATION BLOCK 

In 1917, Oppenheimei and Rothschild described a type of abnor- 
mal electrocardiogram which they called arboiization block because the 
hearts which gave this curve piesented a patchy sclerosis involving the 
subendocardial muscle and Purkmje tissues when they were examined 
post mortem The specific electrocardiographic criteria for the recog- 
nition of the condition were widening, notching and low voltage of the 
QRS, with the absence of the diphasic curves and the huge T wave, 



Fig 7 — Time in fiftieth seconds, axial leading, A is the normal, B, imme- 
diately alter extensive destruction of the muscle in the central region The QRS 
IS widened, the curve suggests the presence of right branch block C, recovery 
to the normal QRS time, D, recoveiy of the original QRS form, slight splintering 
and an insignificant change in the T have occurred, E, after extensive destruction 
of the muscle of the left ventricle (the base of the papillary muscles and the area at 
the junction of the septum and left ventricle at its middle third) , F, after section 
of the right branch of the bundle (note the appearance of a normal QRS time) , 
G, section of one of the principal divisions of the left branch of the bundle 

opposite in Its direction to the mam deflection, which are seen with 
experimental branch block 

That an electrocardiogram like this, however, may be persistently 
present without finding the pathologic process described to account for 
it has been pointed out by Drury Experimentally, Wilson and Herr- 

11 Oppenheimer, B S , and Rothschild, M A Electrocardiographic Changes 
Associated with Myocardial Involvement, J A M A 69 429 (Aug 11) 1917 

12 Drury, A N Arborization Block, Heart 8 23 1921 
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mann weie unal)le lo obtain curves resembling these by the section of the 
minoi subdivisions of the branches of the bundle of His, nor at any 
stage of the tiansition between tlie normal complex and complete bundle 
branch block, Smith caused extensive injuiy with fibrosis of the 
heart involving the endocardium without being successful in reproduc- 
ing this type of electrocardiogram Sherf obseived electrocardio- 
graphic foims resembling aiboii/ation block m badly damaged hearts at 
certain stages of the transition complexes when seiial premature beats 
induced from the exteinal walls of the ventricles weie interfering with 
beats supi aventncular m origin, and he concluded that arborization 
block was due to an incomplete block m one of the branches of the 
bundle associated with mjuiy to the smaller divisions of the other 
branch of the bundle 

The most significant of the electiocaidiographic criteiia for arboriza- 
tion block IS the increase of the QRS time This could not be experi- 
mentally obtained by the section of the minor subdivisions of the 
branches of the bundle by Wilson and Heiimann,’^ nor by Rothbergei 
and Winteiberg,^® although the lattei mvestigatois studied the effect 
of section of the principal blanches of the bundle of His in gieat detail 
Smith was not moie successful m obtaining it as the result of wide 
injuiy to the endocardium In the comparison of the effect of section 
of the subdivisions of the branches of the bundle in a senes of 
twenty-eight expeiiments I obseived that a significant increase in 
the QRS time never occuned unless complete section of the bundle or 
all of its subdivisions to one of the ventricles was present, which is 
in accoid with the observations of the previous investigators on the 
subject Since the Purkinje network is no longer continuously available 
for the excitation only when a complete section of one of the two 
divisions of the bundle has occurred the increase in the QRS is the 
expression of the extra time required for the excitation to travel 
through the slower conducting heart muscle of the septum On the 
other hand, destruction of the muscle or the endocardium which con- 
tains the Puikinje network to the point of circulatory failure will not 
induce an increase m the QRS time unless it involves an extensive 
injury to the septum in the region in which the primary branches of the 
bundle aie known to pass, or an injury to all of the bundle of His 
which supplies one ventricle, or, as suggested by Smith, unless it is 
associated with myocardial fatigue, under which circumstances all 

13 Smith (footnote 9, second reference) 

14 Sherf, D Zur Enstehungsweise der Extrasystolen und der extrasystol- 
ischen Allorliythmien, Ztschr f d ges exper Med 51 816, 1926 

15 Rothberger, C J , and Winterberg, H Exper Beitrage zur Kenntms der 
Reizleitungsstorungen, usw , Ztschr f d ges exper Med 17 264, 1916 

16 Smith (footnote 2, and footnote 9, second reference) 
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conduction, both in Purkinje tissue and in ordinar}- heart muscle is in all 
probability also slowed The experimental evidence makes it i easonabh 
certain that a significant widening of the QRS does not ordinarily 
appeal except by the complete elimination of one branch of the bundle, 
and this becomes the more unlikely to occur as the branch m question 
progresses m its subdivision Suggestive in this connection is the earh 
subdivision of the left bundle and the raiity with which left bundle 
branch block is seen m the clinic, and the comparative difficulty with 
which left bundle branch block is experimentally produced m the dog 
When an arborization block curve is present, the presence of a com- 
plete bundle branch block must be assumed m order to account for the 
abnoimal width of the QRS 

Notching, as Wilson and Herimann ^ have pointed out, lepresents 
the occurrence of frequent and rapid changes m the position of the 
electrical axis of the heart and is greatest m the lead with the lowest 
voltage These criteria therefore will appear togethei They can be 
experimentally produced in the electrocardiogram of the undisturbed 
heart by shifting the line of the leading into a position which pre- 
sumably favors a frequent change m the electrical axis with reference 
to the line of the leading (figs 5 and 6) Under these conditions, the 
notching becomes especially pronounced m the presence of the section of 
one of the two divisions of the left bundle and the complete section of the 
right bundle This makes the excitation issue to the ventricle through 
one strand of the bundle instead of three, and an exaggeration of the 
effect may be expected since changes m the electrical axis are also 
exaggerated, and the wide QRS facilitates the clear inscription of the 
notching (fig 9) 

The differences m the T wa^e in aibonzation block and bundle 
branch block do not appear to be an important differential criterion when 
it is remembered that the T waA'^e is also greatly diminished m size in a 
lead which yields low amplitude with notching and that a small alteration 
m the line of the lead aviII often altei its direction entnely without affect- 
ing that of the QRS 

Figures 7 , 8 and 9 aie curves obtained by sectioning the right 
branch of the bundle and of one of the divisions of the left branch 

It IS suggested that the electrocardiogram which is termed arboriza- 
tion block IS a bundle branch block involving the entire right bundle 
and part of the left bundle associated with a change m the position of 
the heart probably a postero-anterior rotation, i e , rotation on the 
transverse axis of the base The effect of this type of alteration in the 
position of the heart, it has been suggested elsewhere,’" is to cause a 
diminished A'^oltage in all leads 

17 Otto, H L The Effect of Altering the Position of the Heart upon ‘he 
Electrocardiogram, Proc Soc Exper Biol & Med 26 4218 1928-1929 
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An inci eased QRS time can lesult fiom destiuction of the 
muscle of the septum when the lattei complete!}, imolves at least one 
blanch of the bundle The mjuiy which does this may be i^iossly in 
evidence as in the case of obstiuction to a coionai) aitery, or it may be 
chronic and widely diffused as with aiteiioscleiotic conditions or 
finall>, localized, minute and undetectable as in most instances 
of bundle branch block It is evident that a specific pathologic 
piocess cannot be associated with an electrocaidiogiam which lests 



Fig 8 — Time in fiftieth seconds, /I-R A -L A (corresponding to derivation 
I) B IS the tiansverse lead across the thorax, C, the axial lead A', B' and C arc 
the same after section of the posterior division of the left branch of the bundle 
The QRS changes in form although a normal QRS time persists A", B" and C" 
show these leads after section of the right branch of the bundle Discordant bundle 
branch block curves are present (with onlj’^ one branch of the bundle sectioned thej 
are practically always concordant) Note the absence of the other characteristic 
features of unimplicatcd monolateral bundle branch block 

on special conditions of conduction and relations to the plane of the 
leading That it is frequentl}'^ associated with an old infarct from the 
closuie of the descending division of the left coionary arteiy is readily 
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undei stood since this bianch extensivel}'- supplies the muscle of the 
septum m the region traversed both by the right bundle befoie it begins 
its subdivision and by the anterior division of the left bundle 

COMMENT 

The T wave i'; the moie sensitive index of the changes which occur 
within the myocaidium To affect peimanently the T wave the amount 
of tissue destroyed was much less than that necessary to affect the QRS 
Whethei this difference is grounded in the difference m the physiologic 
processes which these portions of the curve repiesent, oi is merely due 
to the fact that the slow inscription of T gives evidences of change 
which are hidden by the rapid movement of the stung when the QRS 
is written is beyond the scope of the observations 

The most constant effect on the electrocardiogram caused by the 
destruction of heart muscle was the shift of the RT interval from the 
iso-electnc line, which is experimental evidence for the importance 



Fig 9 — Time in fiftieth seconds , complete section of the right branch of the 
bundle, section of the anterior division of the left branch with some injury to the 
remaining division of the left bundle A' is the transverse lead (in this animal 
the R A -L A lead gave a similar curve) , B, the axial lead There is marked 
notching in the transverse lead, and the QRS is abnormally wide (the dog 
weighed 25 Kg ) This is again a discordant curve, but the reversal of the dis- 
cordance of figure 8 

with which this change is regaided clinically No value could be 
attached to any of the othei changes in the RT peiiod associated 
with it and the form of the T wave, when the distinctive ST and RT 
fusions (which are exaggerations of this shift of the RT portion of the 
curve from the iso-electric line) are disregarded, did not appear to hold 
a position of importance 

The destruction of the muscle of the right ventricle tended to cause 
negativity of the T wave m contrast to destruction of the muscle of 
the left ventricle, which caused positivity of the T This relation 
of the two halves of the heart, the right and upper versus the left and 
lower portions, to the T wave of the electrocardiogram is further 
substantiated by the effect of ligation of coronary arteries,® and the 
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effects obtained when cooling the heart muscle is compaied to freez- 
ing it But the ease with which an alteied line of leading alteis 
the diiection of the T wave when compai atively small areas of muscle 
aie destroyed make it doubtful if the direction assumed by the T wa\e 
when injur}'^ is known to be piesent may be used to infer the location 
of the injury It suggests, however, that m searching foi evidence of 
injury to the lieait as indicated by alteiations in the T wave it might be 
of aid to have recouise to leads fiom the chest and to observe the cuive 
thiough several lines of lead, compassing moie caidiac diameters than 
the leads from the points of Emthoven tiiangle These aie all within 
the one plane 

Since an nutation of the myocaidium does not have an effect on 
the form of the electrocai diogram, it may be assumed that mflamma- 
toiy conditions of the epical dium or myocaidium which do not involve 
the conduction system or inhibit the functioning of the muscle aie with- 
out effect on the foim of the curve and significant alterations of the 
curve, excluding the action of the extiacaidial neives, aie piobably 
indicative of depressive or destructive piocesses 

A substantial inciease in the QRS time was unassociated with the 
destruction of the oidinary heait muscle oi the endocardium, which 
contains the Puikinje network, but was constantly related only to 
involvement of an entire branch of the bundle or all of its subdivisions 
to one or the other of the ventiicles Since significant QRS widening 
does not occur if a subdivision of a branch of the bundle lemains to 
supply the ventiicle in question its piesence may be taken as good evi- 
dence of injury which completely involves one of the branches of the 
bundle Furthermoie, to associate a wide QRS time with injury to the 
caidiac septum appeals to be a justifiable deduction from the experi- 
mental obseivations The effects on the QRS time which are toxic and 
are obtained by the exhibition of drugs like cocaine or quinine, or are 
endogenous (caidiac fatigue^), are not contrary evidence but repiesent 
a group of special conditions in which there is no distinction between 
conduction effects in the oidinaiy heart muscle and Purkinje tissues 

The tendency toward diminution in the QRS time from extensive 
destruction of the muscle m the presence of a bundle branch block 
suggests that initially it is the volume of the heart muscle in func- 
tion and the thickness of the septum which determines the width 
of the QRS complex (when other conditions such as conduction 
changes do not altei it) Suggestive in this connection is the average 
width of the QRS time m the piesence of a right bundle branch block 
in the cat, the dog and the human being In the first, it is usually under 
005 seconds, and in the dog it varies betvveen 0 06 and 0 08 seconds, 

18 Otto, H L J Lab & Clin Med , to be published 
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^\hereas in man 012 seconds is the accepted minimum QRS time foi 
bundle branch block The abnormally wide QRS time in many greatly 
hypertrophied hearts may perhaps be explained in this way 

Since an altered position of the heait with refeience to the leads as 
well as altered conduction order within the heait may cause notching, 
inferences from it concerning the muscle must be made with circum- 
spection 

Finally, the term intiaventnculai block which is employed when an 
abnormal width of the QRS is piesent is more properly designated 
interventricular block It represents a bundle branch block which, if 
partial, can be so only in a temporal sense, i e , a delayed conduction 
through one branch of the bundle, not the effect of injury to some of its 
branchings Intraventricular block should be the term reserved for 
instances in which a toxic piolongation of conduction diffused through 
the heart muscle is piesent 

SUMMARY AND CONCLUSIONS 

1 Destiuction of heart muscle causes a shift of the RT period 
of the electrocardiogram from the iso-electric line, and the degree to 
which this alteiation occurs is closely i elated to the line of the leading 
as well as to the injury to the muscle 

2 The extensive destiuction of heait muscle does not have a 
significant effect on the QRS complex of the electrocardiogram when 
the principal divisions of the His bundle are unaffected An increase 
in the QRS time is obtained only when all of the bundle to one or the 
other ventricle is affected 

3 Arborization block represents a complex foim of bundle branch 
block, involving all of the right branch and pait ot the left and 
associated with an altered position of the electrical axis with reference 
to the plane of the leading 

4 What IS called intiaventnculai block is more properly termed 
interventricular, because the lattei better defines the conditions of 
impulse conduction which underlie the appeal ance of this form of 
electrocardiogram 
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Fiiecllanclei 's pneumonia is an acute pulmonaiy infection, usuall} 
fatal, caused b}- Bacillus mucosus-capsnlatus and chai actei ized paiticu- 
lail}- by a viscid, bloody sputum and lobular involvement of the lung 
paiencbyma with a maiked tendency to the foimation of secondaiy 
multiple abscesses 

In 1882, Fiiedlander desciibed a “micrococcus” which he took to be 
the cause of lobai pneumonia However, aftei Frankel and Weichsel- 
baum had shown m 1886 that the pneumococcus was the causative 
organism in most cases of acute lobai pneumonia, it was found that 
the so-called “miciococcus” of Fiiedlandei was in leahty a shoit, giam- 
negative bacillus This bacillus occurs eithei as a piimaiy oi a secon- 
dary invadei m about 5 oi 10 pei cent of all cases of acute lobai 
pneumonia 

BACTERIOLOGV 

The bacillus of Fiiedlandei vanes gieatly in size and morphology 
Usually It IS shoit and rathei bioad, with rounded ends Its length 
varies fiom 0 6 to 5 micions and its width fiom 0 5 to 15 micions 
The shoit, thick foims are almost coccoid in appearance, which probably 
accounts foi the fact that Fnedlander originally called this oigamsm 
a “miciococcus” lather than a bacillus They aie nonmotile, do not 
foim spoies and are siiiiounded by a capsule 

PATHOLOGY 

Theie aie ceitam outstanding features in the pathologic stiuctiiie 
produced by the Friedlandei bacillus At autopsy the involved area 
appeals to be lobai in type, but on section, multiple small mteivening 
aieas of noimal lung tissue show that the process is, m reality, a 
maiked confluent lobular pneumonia or bronchopneumonia Pleurisy 
may be a piominent feature Over the affected aiea, the visceral and 

■' Submitted for publication, Nov 1, 1928 

* From the Medical Division and the Department of Roentgenolog\ , Hospital 
of the Unuersitj of Pennsylvania 
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parietal pleura may be densely adherent The affected lung appeals 
larger than normal, and when it is cut there is an abundant, viscid, 
bloody exudate The cut surface is mahogany brown, with marble-hke 
streaking It is the rule for multiple abscesses to be found, these varying 
greatly m size The walls of these abscesses are usually smooth and 
quite thin In them is found the same type of exudate that is found 
on the cut surface of the lung Between the cavities are seen irregular 
areas of air containing tissue Relatively little fibrin is seen on the 
cut sui face 

Microscopic examination shows the alveoli filled with an exudate 
composed of polymoiphonuclear leukocytes, alveolar epithelium and 
degenerated lymphoc)''tes Some fibrin is seen, but it is much smaller 
in amount than that found in the pneumonia produced by the 
pneumococcus 

REVIEW or THE LITERATURE 

Concerning the clinical course of Friedlander’s pneumonia, there is 
relatively little in the literature In 1915, Sisson and Thompson^ 
reviewed thirty-three fatal cases fiom the literatui e, some of which weie 
open to question as unequivocal cases of Friedlander’s pneumonia They 
reported, in addition, four new cases, all of which were fatal 

In 1919, Zander ^ described an epidemic of Friedlander’s pneumonia 
in Germany Between December, 1916, and March, 1917, there were 
411 cases with 144 deaths The highest mortality occuiied m the 
age groups of 30 to 40 and 40 to SO, being higher in the latter In 
this epidemic, chills occurred at the onset in 118 cases, or 28 per cent 
In the majority of the cases, the illness started m the lower lobes In 
a large percentage of the cases the first examination showed that more 
than one lobe was involved The extremes for the duration of fever 
were 2 and 48 days The average was 9 5 days In 131 cases (31 
per cent) fever fell by crisis and in 127 (30 per cent) by lysis In 
these cases the clinical observation was made that in the beginning, 
the picture was apt to be that of croupous pneumonia but later the 
picture became more that of bronchopneumonia 

Eighteen additional cases were reported by Belk,® of the Philadelphia 
General Hospital, in 1926, all of which had been fatal Three of these 
cases had been considered chronic forms of pulmonary tuberculosis 
during life 


1 Sisson and Thompson Report of Thirty-seven Cases, Am J M Sc 
150 713, 1915 

2 Zander Deutsche med Wchnschr 45 1180, 1919 

3 Belk, W P J Infec Dis 38 115 (Feb ) 1926 
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An instructive case of Friedlandei s pneumonia ^^as lepoited b} 
Nils Westermark'* m 1926 His patients illness staited acutely ^\lth 
a chill which was followed two days later b} pain in the left side of 
the chest There were cjanosis, i eddish sputum and bilateral ph}sical 
signs in the chest A diagnosis of bi onchopneumonia was made After 
a time the patient improved and was able to leave the hospital, but 
was readmitted six months later, at this tune x-iay examination of 
the chest showed bilateial cavities in the upper lobes and changes in 
the lower lobes appaiently due to fibrosis The entire pathologic process 
was considered to be tubeiculous, although tubeicle bacilli had nevei 
been demonstrated The patient died a month latei At necrops} 
multiple abscesses with rathei a thin w^all w^eie found, and Fiiedlander’s 
bacilli in great numbers were recovered from the contents of the caMties 
of the abscesses Tubeicle bacilli w^eie not found The recoid of 
one of our patients (case 2) lesemhles this case in several respects 

CLINICAL COURSE 

The clinical course of Fiiedlander’s pneumonia is vaiiable It occurs 
most frequently in the late years of adult life Only one case, to date, 
has been reported during infancy oi childhood As in the case of 
acute lobar pneumonia, alcohol seems to be an outstanding predisposing 
factor The onset may be similar to that of pneumococcic pneumonia 
In fact, the case at first may be regaided as one of the usual lobar 
pneumonia Hemoptysis is a common early symptom The symptoms 
may come on with great violence accompanied by high fever, chill 
and prostration Cyanosis may be a prominent symptom The patient 
usually expectorates large amounts of viscid reddish sputum, and some 
writers regard this feature as being almost pathognomonic In this 
sputum, the Friedlander bacilli are leadily found in large numbers 
In severe cases the prostration increases, the cyanosis becomes more 
marked and is combined with a dusky red coloration of the skin, and 
in the first twenty-four or forty-eight hours, death ensues 

On the other hand, the course of the disease may be quite prolonged 
or may become chronic During the past year, we have had the oppor- 
tunity of studying three such cases It is our belief that cases of 
this kind give rise to a chronic form of Friedlander infection which 
we have come to regaid as quite analogous to chronic pulmonary 
tuberculosis, as acute exacerbations may occur at any time In our 
study of these cases we have been greatly aided by the roentgen-ray 
examination By means of serial roentgenography, w^e have been able 
to follow^ the development of the pathologic condition from the onset 
of the disease to the establishment of the chronic stage 

4 Westermark, N Pneumonia with Fnedlander’s Bacillus Simulating 
Tuberculosis, Case, Acta Radiol 7 626, 1926 
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ROENTGEN-RAY ASPECTS 

The literature conceining the roentgen-ray aspects of Friedlander’s 
pneumonia is extiemely meager Oui knowledge of the roentgenologic 
appeal ance is based on a study of the underlying pathologic condition 
We recognize the onset of the disease as a bi onchopneumonia, the 
1 oentgenologic features of which do not differ materially from broncho- 
pneumonia due to othei organisms This stage of the disease is of 
such shoit duration that it is unlikely that many patients are examined 
by means of the roentgen ray during this period Only one of our 
patients was examined this early in the disease (case 1) 

The lobulai patches of the pnmaiy bronchopneumonia coalesce 
lapidly to form larger areas which give the lung the appearance of 
lobar pneumonia This differs from an ordinary pneumococcic lobai 
pneumonia in that the consolidation does not appear to be as complete 
and homogeneous and is not as definitely limited to a single lobe The 
involvement is usually most intense m the penpher}'^ of the lung Several 
such consolidations may be present in the same or the opposite lung 
These characteristics have given rise to the condition being known as 
a pseudolobar pneumonia 

Aftei a vaiiable length of time, less lapidly m the nonfatal cases, 
extensive destiuction of the tissue of the lung in the involved areas 
occuis, which lead to the formation of multiple abscesses and cavities 
This gives rise to a chai acteristic roentgenographic appeal ance, which 
differs fiom all othei acute pulmonary infections with the possible 
exception of influenza A distinctive feature of these abscesses and 
cavities IS their extremely thin walls to which attention was called by 
Belk and roentgenologically by Westeimark 

It IS m this stage that the disease usually terminates fatally In 
those exceptional cases m which recover}^ occurs we have learned from 
our roentgenologic studies that the involved areas of the lung become 
the seat of an extensive fibrosis often with the persistence of cavities 
We believe this lesidual fibrosis to be more or less permanent 

On the basis of this pathologic condition, we recognize roentgeno- 
logically four distinct stages of the disease The first is the stage of 
primary bronchopneumonia, the second, the stage of pseudolobar 
pneumonia, the third, the stage of foimation of multiple abscesses and 
cavities and the fouith the stage of fibrosis 

REPORT OF CASES 

Case 1 — A , a slightly undernourished Italian, aged 50, was admitted to 
the service of Dr Alfred Stengel in diabetic coma The diabetes had been 
known to exist for three years, and during this time there had been lapses in the 
diabetic regimen, especially just before admission to the hospital During the 
week before admission, he had spat up some dark red blood which he believed 



COLLI NS-JCORh'B LI M—PI L MO \ IR) l.MLCl JO \ 


355 


came from the mouth On admission, the blood su^ar was 0 411 per hundred 
cubic centimeters and the plasma bicarbonate 13 per cent 1)\ volume The chest 
was emphysematous in tjpe hut apparently was clear Tlic diagnosis was severe 
diabetic acidosis probably partiallj induced b^' some infection The urine showed 
albumin varying from a trace to a cloud, and many casts of the In aline, waxv, 
and light and dark granular vaneti Four davs after admission, tlie blood urea 
nitrogen was found to be 86 mg per hundred cubic centimeters and during the 
next few days rose to 105 mg Large doses of insulin were nccessarj to control 
the sugar level Eight days after admission, facial cyanosis was distinct, and the 
patient complained of pain in the right side of the chest Numerous frictions 
were heard m the right anterior axillary line at the level of the fourth rib 
Posteriorly over the right lower lobe the percussion note was impaired and the 
breath sounds suppressed It was thought that the patient probablj had a low 
grade bronchopneumonia A roentgenogram of the chest (fig 1), taken the 
following day, was reported as suggesting a resolving pneumonia of the entire 
right lung 

For the following fourteen daj s, the general condition of the patient improved 
slightly Fever continued, the temiieralurc going as high as 100 F The physical 



Fig 1 (case 1) — Fnedlander’s pneumonia The primary stage of broncho- 
pneumonia 

signs m the chest came to involve a slightly greater area X-ray examination 
at this time (fig 2) show^ed that the pneumonic process had condensed into 
areas assuming a pseudolobar appearance By this time, Friedlander bacilli 
began to appear in the sputum in large numbers both on smear and on culture 
At this time the temperature varied between 99 and 101 Blood culture was 
entirely negativ^e Pneumococci or acid-fast organisms were not found on repeated 
examinations The Wassermann reaction of the blood was negative 

Thirty-two dajs after admission, the physical signs m the right side of the 
chest remained practically unchanged, but x-rav examination (fig 3) at this 
time showed multiple cavitation throughout the entire right lung The sputum 
continued to show Friedlander’s organisms m large numbers During the next 
eight days the blood urea nitrogen had returned to normal, twenty -eight dajs 
having elapsed since it was 105 mg per hundred cubic centimeters Also during 
this time the blood sugar level became more definitely stabilized, ranging between 
170 and 220 mg per hundred cubic centimeters From this time on there was no 
fever, although the improvement in the general condition of the patient was 
slight and extremely gradual The physical and x-ray signs in the chest 
remained much the same except that the roentgenograms (fig 4) showed that 
the cavities in tlio right lung were draining well Friedlander’s organisms con- 
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tmued to appear in the sputum The patient now steadily improved and the 
diabetic situation was controlled in a satisfactor} manner He was discharged 
from the hospital 102 days after admission 

After he left the hospital, his general condition was good Six months later 
he was admitted to the University Hospital, again for diabetic acidosis On this 
admission, as on the previous one, he gave the history of having spat up blood 



Figure 2 Figure 3 

Fig 2 (case 1) — The pseudolobar stage 
Fig 3 (case 1) — The stage of multiple abscess and cavitv formation 




Figure 4 Figure 5 

Fig 4 (case 1) — The stage of fibrosis, showing the appearance of the lungs 
at the time of the patient’s discharge from the hospital 

Fig 5 (case 1) — Chronic stage, approximately ten and one-half months after 
the onset of the acute pneumonia 


a few dajs before admission The diabetes was controlled more easily on this 
occasion The striking aspect concerning the chest was that physical signs still 
remained over the right lung, and the roentgenograms (fig 5) showed a dilfuse 
scarring with lines marking the walls of the former abscess cavities 
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CASt 2 — M P, a tiiin white uoman, aged 50 \\as admitted to the Hospital 
of tlie University of Pennsyhania, to the scr\ice of Dr Alfred Stengel, on 
Feb 9, 1927 Her chief complaint %\as cough and weakness For a ^car prcMOUs 
to admission, she had complained of general weakness and a slight cough pro- 
ductive of a moderate amount of yellowish expectoration Howe\er, her appetite 
had been good, she had not felt as if she had fever, and during the jear she had 
lost only 3 pounds (I 4 Kg) In August and in December, 1926, she had had grip, 
convalescence from the latter attack being slow' 

On the morning of Jan 30, 1927, she was aw'akencd by an attack of coughing 
accompanied by a small amount of sputum tinged w'lth bright red blood The 
same thing occurred once on each of the two following days On Feb 4, 1927, 
she arose feeling weak and chilly, and was found to have a temperature of 102 F 
The weakness, fever, cough and expectoration continued until she was admitted 
to the hospital On February 6, she began to have pain, worse on deep breath- 
ing, in the lower portion of the left axilla, and this continued until she w'as 
admitted to the hospital 



Figure 6 Figure 7 

Fig 6 (case 2) — The pscudolobar stage Heart retracted to the left 
Fig 7 (case 2) — Third stage Large abscess m left upper lobe 


The past medical, the family and the social history did not have any bearing 
on the present illness 

On admission to the hospital, the temperature w'as 102 F , the pulse rate, 120, 
and respirations, 32 The blood pressure was 140 systolic, 80, diastolic The 
cheeks were flushed, but she lay quietly in bed and did not seem to be in pain 
Examination of the chest revealed dulness to percussion in the left axilla with 
bronchovesicular breathing and many' subcrepitant rales Anteriorly', at the level 
of the third rib on the left side the percussion note w'as skodaic, and on auscul- 
tation the condition was the same as that m the left axilla The tentative diag- 
nosis was a partial consolidation of the left upper and left lower lobes X-ray 
examination (fig 6) suggested lobar pneumonia in the left upper and lower 
lobes W'lth a retraction of the heart to the left The leukocyte count was 12,700, 
W'lth 84 per cent of polymorphonuclears Organisms of the Fnedlander type 
were present in the sputum Tubercle bacilli were not found on repeated 
examination The blood Wassermann reaction and blood culture were negative 

During the six days after admission, the temperature slowly returned to 
normal and the general condition of the patient steadily' improved During this 
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Figure 8 Figure 9 

Fig 8 (case 2) — Lateral view Same as figure 7 
Fig 9 (case 2) — Appearance of the lungs at the time of discharge from the 
hospital It should be noted that the lesion in the left lower lobe had not changed 
and that the heart is still retracted to the left 






Figure 10 


Figure 11 


Fig 10 (case 2) — Lateral view, same as figure 9, which best shows the large 
caMty in the left upper lobe with marked thickening of the interlobar pleura 
Fig 11 (case 2) — Appearance six and one-half months after date of discharge 
It should be noted how little change has occurred in that time 
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lime tile left lung showed a tendenej to clear, but after ten da\s the pin sical 
signs failed to improve Three weeks after admission N-ra\ examination showed 
'i large consolidation limited to the lower portion of the left upper lobe, and one 
week later this area had broken dow'ii wnth the formation of a large caMt\ 
(figs 7 and 8) The roentgenograms of the chest showed that there was a fluid 
level in this caiitj The lesion m the left lower lobe had not changed The 
temperature w'as normal, and the patient complained of nothing except moderate 
weakness During this time, the Friedl indcr organism was recoiered from the 
sputum repeatedly 

The patient steadilv improved An area of percussion diilncss persisted at the 
left base, just to the left of the cardiac dulness, where there was some suppression 
of breath sounds and many suberepitant rales The temperature remained normal 
Repeated x-ray examinations of the chest showed that the abscess m the left 
upper lobe apparently was draining w'ell (figs 9 and 10) The patient was 
discharged from the hospital on April 6 

During the summer of 1927, her general condition was good One morning 
in July, just after arising she coughed up about a fourth of a cup of bright red 



Figure 12 Figure 13 


Fig 12 (case 3) — Appearance of lungs on admission Pseudolobar stage 

Fig 13 (case 3) — Appearance approximately six weeks after admission, show- 
ing third stage in the left upper lobe and fourth stage in the right upper lobe 

blood She had not Iiad respiratory sj'inptoms before this and had not been 
engaging m any unusual physical exertion Further hemoptysis had not occurred 
When this paper w'as written, she felt well Physical examination still revealed 
signs at the left base X-ray examination (fig 11) showed a canty still remaining 
in the region of the old abscess wnth fibrosis in the left base 

Casi- 3 — T . a well developed negro, aged 43, was admitted to tlie sen ice 
of Dr Alfred Stengel with the history and symptoms of acute lobar pneumonia 
He had “caught cold” tw^o w'^eeks before admission, later developing pain m the 
right low'er quadrant of the chest and y'ellowish sputum streaked w'lth blood 
During the past nine years, he had had five attacks of lobar pneumonia In 1919 
he had had a chancre for which he had been treated The family and social 
history were irreleiant 

On admission to the hospital, the temperature was 103 F, the pulse rate, 124 
and respirations, 40 The blood pressure was 70 sy stohe , 35, diastolic Phy sical 
examination showed signs of consolidation o\er the right upper and the left 
lower lobes The leukocyte count was 11,600 On culture the sputum showed 


360 


ARCHIVES OF INTERNAL MEDICINE 


organisms of the Fnedlander type and no pneumococci Subsequently, Fried- 
lander’s organisms were isolated from the sputum repeatedly Pneumococci or 
acid-fast bacilli were not found at any time The blood Wassermann reaction 
and blood culture were negative 

During the first five days after admission the general condition of the patient 
improved, the temperature returned to normal by lysis, and the signs in the chest 
showed a tendency to improve On the ninth day following admission, the patient 
became febrile and remained so for the following forty-five days During a large 
part of this period, the temperature curve was septic in type Chills and sweats 
were common During this period, the patient became increasingly weaker 
From the standpoint of physical examination, the outstanding symptom was the 
extreme indolence of the lesions in the lungs The signs, at times, suggested a 
loculated or interlobar empyema Repeated x-ray examinations of the chest 
tended to confirm this suspicion Several attempts to locate fluid or pus with 
the exploratory needle failed Finally, on the fifty-fourth day after admission, 
the temperature became normal and remained so From this time on the patient 
made an uninterrupted recovery At the time this paper was written, he was 
working in a brickyard and felt entirely well symptomatically 

The roentgenographic features of this case differed somewhat from those 
of the other two On admission the appearance was that of consolidations 
involving the right upper and left lower lobes (fig 12) Two weeks later there 
was considerable improvement in the lesion m the right upper lobe and no change 
in the left lower lobe Two weeks later a reinfection had occurred in the right 
upper lobe which was even more extensive than the original involvement A slight 
improvement was noted in the left lower lobe Three weeks later it was found 
that the lesion in the right upper lobe had been replaced by a marked fibrosis 
and that the lesion in the left lower lobe had almost entirely disappeared 
In addition, however, there was now a marked involvement of the left upper 
lobe which was undergoing formation of multiple abscesses and cavities (fig 13) 
Ten days later the patient was discharged A roentgenogram made at this time 
showed fibrosis of the right upper lobe with multiple abscesses in the left upper 
lobe This case well illustrates the migratory nature of Fnedlander’s pneumonia 


COMMENT 

We well realize the fact that the blood cultures were negative in 
these patients Howevei, to the best of our knowledge, all cases of 
Friedlander’s pneumonia in which the organism has been lecovered 
from the circulating blood have ended fatally The repeated recovery 
of this organism in profuse growth from the sputum would point 
toward its being the etiologic agent Our bacteriologic pi oof is not 
absolute but the other symptoms, clinical and roentgenographic, justify, 
we believe, the conclusion that the pulmonaiy lesions here described were 
produced by the Fraedlander bacillus 

We believe, further, that the disease constitutes a distinct entity, 
one which can be and should be differentiated from other pulmonary 
infections The acute form is most likely to be mistaken for bioncho- 
pneumonia or lobar pneumonia Here one would have to rely on the 
clinical course, the bacteriologic and roentgenologic studies to make the 
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differentiation Occasionally, one sees an influenzal pneumonia ^\hlcll 
may closely simulate Fi icdlaiidei’s pneumonia The clinical course is 
often similar, and the disease may tei inmate with multiple cavitation 
and fibrosis Aside from the absence of the Fiiedlandei bacillus m 
such cases, we find roentgenologically that the principal involvement 
is in the tissues adjacent to the hilum, while in Fiiedlandei ’s pneumonia 
the pathologic change is chiefly in the parenchyma of the lung 

Piobably the most impoitant aspect of Friedlander’s pneumonia, 
particulaily the chronic foim, is its close lesemblaiice to tuberculosis 
So closely may these diseases simulate each other that in ceitani cases 
neithei the clinical nor the roentgenologic evidence selves to make the 
differentiation The diagnosis must lesl on the bactenologic examina- 



Fig 14 — Chronic Fncdlander infection of the left lung 

tion alone This has led us to the belief that undoubtedly many cases 
of chiomc Fiiedlandei infection aie masking nndei the diagnosis of 
tubei culosis A case in point has lecently come to our attention 

A white man, aged 61, was admitted to the University Hospital (service of 
Dr Alfred Stengel) because of sjmptoms in the stomach apparently due to 
pjdoric carcinoma He gave a histor\ of cough and expectoration of long 
standing The expectoration was a thick miico-purulent material At the age 
of 41, or 20 yearf before admission, he had pneumonia Since that time he had 
been told that he had “a bad left lung ” Because of this, at one time he spent 
three months in a tuberculosis sanatorium, but the tubercle bacillus w'as never 
found in the sputum Repeated examinations on tins admission also gave nega- 
tive results, but instead the Fncdlander bacillus was recovered in large numbers 
The x-ray examination (fig 14) revealed a lesion invohing the entire left lung 
witli retraction of the heart and mediastinal structures toward the affected side 
There was marked thickening of the pleura, extensive fibrosis and numerous 
caMtics throughout the lung 
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We believe that this pathologic condition dates back to the pneumonia that 
he had twenty years before admission, and that this case presents sufficient evi- 
dence to warrant the diagnosis of a chronic Friedlander infection of the left lung 

Case 2 of our senes with the histoiy of repeated attacks of grip, 
hemoptysis, cough and weakness might readily have led one to suspect 
tuberculosis This case, we believe, was a chronic Fnedlander infection 
with an acute exacerbation which caused the patient’s admission in 
February, 1927 Our leasons for this conclusion are based on the 
history of the case plus the x-ray evidence of an old fibrosis of 
the left lower lobe causing a retraction of the heait to the left The 
roentgenograms show that these symptoms were constant during 
the entire time the patient was under observation , 

On the basis of our studies, we believe that Fnedlander’s pneumonia, 
particularly the chronic form, is far more common than is generally 
supposed Its close resemblance to chronic pulmonary tuberculosis 
makes its recognition and differentiation important 

SUMMARY 

1 Three cases of pneumonia due to the Fnedlander bacillus are 
reported 

2 In two cases the onset suggested bronchopneumonia and m one 
lobar pneumonia 

3 The tempeiature fell by lysis in all cases, and in all the total 
leukocyte count tended to be lower than that seen in the usual case of 
lobar pneumonia 

4 The outstanding physical manifestation was the extreme indolence 
of the lesion of the chest 

5 There aie characteristic x-ray symptoms which serve to differen- 
tiate this condition from other pulmonary infections 

6 Several months after the acute infection evidence of pathologic 
change can still be demonstrated both by physical and by x-ray 
examination 

7 From our studies we believe that there is a chronic form of 
pulmonary disease due to the Friedlander bacillus 

8 This chronic foim is in many respects similar to chronic pul- 
monary tubeiculosis We therefore feel that in cases of suspected 
tuberculosis m which the organisms cannot be found tbf*, sputum should 
be examined for the Friedlander bacillus 



THE CHOLESTEROL COXIENT OF BLOOD PLASMA 
IN DIABETES MELLITUS 

A STATISTICAL STLD\ 15 XSLD OX TWO IHOUSXXD 015SI:R\ \TIOXS 
IX THREE HUNDRED AND EIGHTH -FA E CASE'; 

I AI RABINOWnCH, MD 

MONTREAL 

Estimation of the cholesteiol content of blood plasma is noM pait 
of the loutine management of the diabetic patient in the Montreal 
Geneial Hospital Estimations are made at least on the admission of 
patients to the hospital and on their dischaige and theieafter aS legu- 
larly as possible, on then letuin to the clinic foi the treatment for 
diabetes All estimations are made on blood obtained fiom patients in 
the fasting state at least fifteen houis aftei the evening meal Should 
patients lequiie insulin, tests aie made, as foi blood sugai not only 
before food is given, but before the administration of this diug The 
present report is concerned with the study of 2,000 estimations made m 
385 cases All tests were made, not onl) undei these standard condi- 
tions, but by the same technic and by the same laboratory woikers 
Patients obseived for periods of less than six months aie excluded 
from this study 

Plasma cholesterol is made use of as an index of hpoid metabolism 
111 cases of diabetes mellitus for the following reasons 1 It is a 
relatively stable chemical compound 2 Its estimation is relatively 
simple W ith reasonable care, no difficulties are encountei ed ^ By the 
method employed,- recovery of added cholesterol is quantitative within 
the accepted limits of expeiimental error 3 Plasma cholesterol values 
tend to lun approximately parallel to those of the total fatty acids 
Therefore, any changes of the latter aie reflected in the foimer 

Interest in this phase of diabetes mellitus was first stimulated by the 
publications from Joshn’s clinic and those of Professor Blooi ® These 

’’ Submitted for publication, Dec 27, 1928 

‘f'From the Department of Metabolism, The Afontreal General Hospital, 
Montreal 

1 Before applying the Liebennan-Burchard reaction in this test, colorimetric 
difficulties are entirely o\ercome if the alcohol-ether extract is allowed to erap- 
orate to drjness for a period of hours in a drying oven at a constant temperature, 
rather than for a short period of time on a stove, as originally recommended by 
Bloor By the former procedure, the de\elopment of the browmish color fre- 
quently encountered when the sto%e is used and wdiich interferes wuth color read- 
ing, does not take place The resulting solution is clear, and colors are easily 
matched 

2 Bloor, W R J Biol Chem 24 227, 1916 

3 Joshn, E P , Bloor, W R, and Gray, H The Blood Lipoids m Dia- 
betes, J A M A 69 375 ( Aug 4) 1917 
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authors, by correlating their laboratory data with the various clinical 
types of diabetes, showed that “all t3'pes of diabetes are distinguished 
by a marked increase in the lipoids of the blood, and the general 
statement can be made that the increase is progressive with the serious- 
ness of the disease ” A rather important observation was that parallel- 
ism did not exist between the fluctuations m the blood sugar and hpoid, 
and that the amount of blood sugai present was not nearly as accurate 
a test of the seventy of the disease as was the amount of blood lipoids 
In a more detailed study, one of the workei s of this group ^ again 
demonstrated a relationship between the hpoid content of the blood and 
prognosis “The longer the duration of the disease before exami- 
nation the lower the blood fat, presumably because those patients live 
long who have low fats, that is, mild diabetics ” In his recent mono- 
graph, Joshn ® briefly summarized the present knowledge of the physi- 
ology of the blood lipoids and in a striking manner further illustrated 
the prognostic value of their deteimination 

In a pievious report of experiences with 254 subjects and a 
much lesser number of estimations than presently available, I ® was 
able to confirm some of the observations made by Joshn and his 
co-workers It was shown that the cholesterol content of the blood 
IS a better index of the course of diabetes than the blood sugar 
Patients may, on discharge from the hospital, have a normal amount of 
blood sugar and the urine may be free from sugar In many of these 
cases, the cholesterol content of the blood is increased By observing 
these patients as they return to the outdoor clinic, differences in progress 
are noted The course of the patient who has a normal amount 
of blood sugar but a high cholesterol content does not, on the 
aveiage, appear to lun as uneventful for the same length of time 
as that of the patient who has not only a normal amount of blood sugar, 
^but also a normal amount of cholesterol When there is a large amount 
of cholesterol, the slightest dietary indiscretions result in more marked 
and moie persistent hyperglycemia than when the cholesterol content 
IS normal Hyperglycemia resulting from slight illnesses appears to 
be more frequent with a large than with a normal amount of cholesterol, 
and when the cholesteiol is increased, the incidence of neuritis and of 
vascular changes is greater (Though neuritis, and even gangrene, 
may be observed in persons with a normal cholesterol content, the 
number of such cases is not sufficiently great to affect the rule ) The 
relationship between a large amount of cholesterol in the blood and 

4 Gray, H Am J M Sc 168 35, 1924 

5 Joshn, E P Treatment of Diabetes, ed 4, Philadelphia, Lea & Febiger, 

1928 

6 Rabinowitch, I M J Canad M A 17 171, 1927 
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gangrene is striking Plasma cholesterol is also i elated to acidosis, 
though the i elationship is not stnctlj quantitatn e 

Ihe response of plasma cholesterol to treatment, eithei b} diet alone 
or with insulin, differs not onl} with the severity of the disease, but 
with the type of the diabetic patient The different types of cunes 
obtained from data lecorded at regular mteivals appeared to be chai- 
actenstic In my experience, as will presently be shown, it is one of 
the best methods of estimating not only prognosis, but pi ogress 
A few examples are cited 

A patient known to requne insulin is discharged from the hospital 
His urine is free from sugar and acetone bodies , the blood sugar is 
1101 mal, and the plasma cholesterol is noimal He returns some time 
latei to the clinic with a history of not having followed his diet and also 
of fiequent appearances of sugar in the urine The following aie 
possible lesults in such cases (a) blood sugar increased, plasma choles- 
teiol normal, (6) blood sugar inci eased, plasma cholesteiol inci eased 
In the formei case, diet alone is usually sufficient to i educe the 
blood sugar to the normal level The blood sugar usually falls rapidly 
In spite of dietary indiscretions, carbohydiate tolerance apparently has 
not been impaired The urine can still be kept free from sugar and 
acetone bodies and the blood sugai normal on a diet compatible with 
normal requirements 

When, howevei, besides a hyperglycemia, hypeicholesteiolemia is 
also present, the blood sugar may not return to the normal level after 
restriction of diet alone, if it does, it does so much more slowly than 
when the cholesterol content is normal 

The cholestei ol itself may or may not i eturn to the normal level after 
readjustment of diet Should it not return to the noimal level, insulin 
IS usually found necessary to maintain ideal conditions , namely, a nor- 
mal blood sugar and urine free from sugar and acetone bodies when 
the patient’s diet is compatible with the requirements The possible 
results aie diagrammatically recorded in the accompanying chart 

Since It IS possible to decrease the cholesterol content of blood 
plasma, either by regulation of the diet alone or by such regulation 
plus insulin, the values found when patients are first seen, that is, prior 
to treatment, have limited significance in the estimation of progress 
Two extreme examples are cited in table 1 to demonstrate how rapidly 
reductions may take place following the use of insulin On admission 
to the hospital, both patients had severe acidosis 

The following are examples of reductions of cholesterol following 
treatment of patients with a less severe form of diabetes, that is, patients 
with glycosuiia and hyperglycemia, but without acetonuria One of 
these patients (W S F ) did not require insulin, and the other patient 
(Case No 13818/26) did 
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Pei sons with diabetes, in whom the disease is complicated b} infec- 
tion, may, as is well known, fail to lespond even to massive doses of 
insulin The plasma cholesterol is particularly of value heie Since 
there is a relationship between lipemia and acidosis, data on cholesterol 
tend to indicate the degree of susceptibility of such patients to this 






Diagrammatic representation of the relationship between plasma cholesterol 
and progress of patients who do not follow diets 

complication The following is an example The patient (#1002127) 
was admitted to the hospital with diabetes complicated by pneumonia 
At the time of admission, the urine contained a large amount of sugar, 
but no acetone bodies During the febrile state, the reaction to insulin 
was practically nil Marked glycosuria persisted Acetonuria was not 
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present The plasma cholesterol was below the normal aveiage, namel}, 
0 145 per cent The prognosis therefore appeared to be good The 
patient lecovered Following the crisis, the urine became sugar-free 
and lemamed so without the use of insulin On dischaige fiom the 
hospital, the patient was, and still is, on a diet consisting, approximately, 
of 150 Gm of carbohydrates 

Cai otinemia and cholesterolemia appear to be i elated This combina- 
tion of conditions was previously reported Intel pretation of cholesteiol 


Table 1 — Rapid Reduction of Cholesteiol Content in Ttvo Caics of Scvcte 

Diabetes 



Case 5728/28 



Case 5517/28 


f 

Date 


> 

Cholesterol, 
per Cent 

Date 


Cholesterol, 
per Cent 

Oct 7, 192S 
Oct 8, 1023 
Oct 9, 1928 
Oct 10, 1928 


1380 

0 980 

0 510 

0 520 

Sept 23, 1928 
Oct 1, 1928 
Oct 11, 1928 


0 925 

0 595 

0 406 

Table 2 — Reduction of Cholesteiol 

in Less Sevci 

e Cases of Diabetes 


W S F 



Case lSSlS/25 

* 

Date 


Cholesterol, 
per Cent 

r — 

Pate 


Cholesterol, 
per Cent 

Jan 7,1927 
Jan 28,1927 
Marchs 1927 
July 15, 1927 


0 400 

0 292 

0 223 

0 212 

Dec 14, 192C 
April 12, 1927 
May 21, 1927 


0 401 

0 222 

0 229 

Table 3 

— Cholesterol Data in a Case of Cai otinemia and Cholcstei olcmia 



Case 6049/27 




Date 



> 

Cholesterol, 
per Cent 



Nov 23, 1927 
Nov 25, 1927 
March 1, 1928 
May 1, 1928 
Aug: 29, 1928 



0 466 

0 347 

0 476 

0 709 

0 512 



data in such cases is difficult Since vegetables are known to contain 
cholesterol-hke bodies, limited significance must be attached to the obser- 
vations in these cases, except that carotinemia, by itself, suggests 
unfavorable prognosis Table 3 shows the cholesterol data m such a 
case The patient died recently of a cerebral hemorrhage 

It IS remarkable that m spite of patients’ persistent disiegard of 
dietary regulations, and although they have peisistent glycosuria, the 
plasma cholesteiols may remain within the normal limits The prog- 


7 Rabmowitch, I M J Canad M A 18 527, 1928 
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nostic significance of cholesterol in these cases is suggested from the fact 
that such patients appear to make good progress in spite of the mislead- 
ing laboratory data Such cases, however, are few 

The reverse of this picture is shown in the type of case in which 
the amount of cholesterol increases in spite of the fact that the patient 
follows the prescribed diet rigidly The number of these cases also 
IS few An example is shown m table 5 


Table 4 — Cholesteiol Data in a Case m Which Diet Is Disi egarded 





Case 338S/27 


f 


Cholesterol,' 

Date 


per Cent 

June SO, 1927 

July 4, 1927 


0197 


0192 

July 9, 1927 

July 25, 1927 


0197 


0179 

Aug 5, 1927 

Feb 23, 192S 


0188 


0166 

May 1, 192S 


0191 


Table 5 — Cholestci ol Data in a Case in Which Diet Is Followed 


Metabolism Laboratory 160 

A 




\ 

Cholesterol, 

Date 


per Cent 

Apnl 1, 1927 


0191 

June 2, 1927 


0190 

July 7, 1927 


0185 

Sept SO, 1927 


0192 

March 24, 1928 


0 277 

May 5, 192S 


0 350 



Table 6 — Case in Which Syntha’in 

Was Used 


Plasma Cholesterol, 

Date 

per Cent EemarLs 

April 19 

0 219 

Before treatment 

April 22 

0180 

Three days after treatment 

May 13 

0 204 


June 9 

0181 


July 9 

0158 


July 15 


Insulin replaced by synthalin 

July 25 

0 222 


August 5 

0 205 


September 19 

0 245 


October 17 

0 303 



Synthalin, unlike insulin, apparently fails to control cholesterolemia 
This was shown in a previous report ® The patient requires insulin, but 
the diabetes has been kept under control with synthalin for the past 
fifteen months The results in another case in which the patient 
requires insulin and has been receiving synthalin since August, 1927, 
are given in table 6 

8 Rabinowitch, I M An Unusual Case of Diabetes and Gout, J Canad 
M A 21 682, 1928 
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It will be noted that the cholesterol values are distinctly higher and 
are increasing since the use of insulin was discontinued 

An objection which may be raised to these observations is that the 
few cases cited may be exceptions rather than the lule, and that a study 
of average values of a large senes of cases would be of greater value 
Fortunately, the numbei of patients who have been observed and the 
cholesterol estimations which have been made are large and sufficient 


Table 7 — Plasma Cholcstc) ols and Then Incidences Based on Two Thousand 

Obsei~vaiions 


Plasma Cholesterol, 
per Cent 

Incidence 

175 

334 

176-200 

246 

201-225 

272 

226-250 

296 

251 - 275 

224 

276 - 300 

218 

301 - 325 

104 

326 - 350 

106 

351 - 375 

50 

376 - 400 

34 

401 - 600 

76 

500 + 

40 


Table 8 — Subjects Giouped Accoidtng to Laboiatoiy Data 


Group 

1 

2 

3 

4 

5 

6 

7 

S 


Laboratory Data 

TJnnc sugar-free, blood sugar normal 

Urine sugar-free, blood sugar less than 0 18 per cent 
Glycosuria once a month 

Glycosuria twice a month 

Glycosuria once a week 

Glycosuria twice a week 

Glycosuria daily, but free at times 

Glycosuria persistent 


Table 9 — 

-Aveiage Cholesteiol Values joi Subjects m Table S 



Choltesterol, 


Group 

per Cent 


1 

0184 


2 

0 209 


3 

0 230 


4 

0 252 


5 

0 272 


6 

0 288 


7 

0 320 


8 

0 379 


to enable statistical tieatmeiit of the data The results of such treatment 
aie given in table 7, they appear to demonstiate definitely the value 
of plasma cholesteiol fiom the point of view of progress 

In table 7 are shown plasma cholesterols and their incidence m 
2,000 instances 

In order to determine whether or not the cholesterol content of the 
blood plasma is related to the degiee of control of the disease, all sub- 
jects weie giouped accoidmg to the laboiatoiy data, as shown m table 8 
The average cholesterol values weie calculated for each group 
The results aie shown in table 9 
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The question which aiises is. Are the differences between the 
averages o£ the various groups significant 7 In order to attempt to 
answer this question, the following values were calculated for each of 
the groups mentioned (a) number of cases, {h) average percentage 
of cholesterol, (c) standaid deviation and (d) piobable eiror of the 
mean These are lecorded in table 10 

AA^ith this information, it is possible to deteimine whether the differ- 
ences observed between the means of any two groups one wishes to 


Table 10 — Showing Authmotical Means, Standai d Deviations and Pi obabic Ei i oi s 
of the Means of Plasma Cholestei ol Pei ccntages Gionpcd Accoid- 
ing to the Degree of Conti ol of Diabetes 


Group 

Number of 
■of Obser- 
■\'ations 
(N) 

Arith- 
metical 
Mean 
(A M) 

Standard 
Devia- 
tion 
(<r) / 

Probable 
Error of 
Mean 
c \ 

1 Unne sugar free blood sugai normal 

S14 

0 184 

1 0 67449 — 

\ VN/ 

571 31 

2 Urine sugar-free blood sugar less than 0 ISO per cent 

332 

0 209 

010 

33 

3 Glycosuria once a month 

400 

0 230 

521 

26 

4 Glycosuria twice a month 

2G0 

0 252 

598 

35 

6 Glycosuria once a week 

240 

0 272 

63 0 

38 

6 Glycosuria twice a week 

220 

0288 

80 8 

52 

7 Glycosuria daily, but free at times 

182 

0 320 

911 

64 

8 Glycosuria persistent 

40 

0 379 

1711 

15 8 


Table 

11 — Showing Dtffeiences Betzveen Means, the Piobable Eiiots of the 
Diffeiences and the Ratios of the Dtffeiences to the 

Piobable Enoiz of the Dtffeiences 



Difference 

Between 

Probable 
Error of 

Difference 

Probable Error 


Groups Compared 

Means 

Difference* 

of Difference 

1 and 2 


25 

45 

65 

2 and 3 


21 

12 

50 

3 and 4 


22 

43 

61 

4 and 5 


20 

51 

39 

5 and 6 


10 

64 

25 

6 and 7 


32 

82 

39 

7 and 8 


59 

171 

34 


* If pi IS the probable erro r of th e mean of group 1, and P" is the probable error of the 
mean of group 2, then V (Pi)- + (P 2 )“ is the probable error of the difference 


compare aie due to the contiol of the diabetes or the lesult of chance 
Comparisons weie made between the following gioups 1 and 2, 2 and 
3, 3 and 4, 4 and 5, 5 and 6, 6 and 7 and 7 and 8 The necessarv 
calculations were as follows (a) the differences between the means, 
(Z?) the piobable eriors of the differences and (c) the ratios of the 
differences between the means to the probable enois of the differences 
The results of these calculations are shown m table 11 

In each case, it is clearly demonstrated that the occurrence of the 
differences between the means of the groups compared were not 
the result of chance The significance of the diffeience between the 
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aveiage amounts of cholesterol of gioups 5 and 6 is the only one in 
doubt Even heie, howevei, it may be shown that the odds against the 
occuiience of such a difference between the cholesteiol content being the 
result of chance are about 10 to 1 

CONCLUSIONS 

Plasma cholesteiol affoids a reliable index to the true progress of 
the diabetic patient 

Because of the simplicity with which the test can be carried out, 
estimation of the plasma cholesterol should form part of the routine 
management in diabetes 

As with all laboiatory tests, in the interpretation of results obtained 
consideration should be given to other conditions which might lead to 
high values These include jaundice, cholecystitis, pregnancy, nephro- 
sis, etc 



THE CHOLESTEROL CONTENT OF BLOOD PLASMA 
IN JUVENILE DIABETES 

A STATISTICAL STUDY * 

I Ai: RABINOWITCH, AID 

MONTREAL 

In a pievious report I demonstrated the value of cholesterol 
studies in diabetes from the point of view of progress The demon- 
stration, with the exception of a few cases cited as examples, was 
statistical The data conceined adults only, since, as is well known, 
the diabetes of juveniles differs m man}*- lespects from that of adults 
The repoit was based on 2,000 obseivations in 385 cases 

This biief report is concerned with the study of the cholesterol 
content of blood plasma in cases of juvenile diabetes The vanous 
reasons for making use of plasma cholesterol as an index of hpoid 
metabolism in diabetes weie discussed in the first paper and, for pur- 
poses of brevity, are omitted here 

The hteratuie on this phase of juvenile diabetes is scanty Theie 
are vaiious leasons for this In the first place, the material available 
in any one clinic is i datively small, since juveniles represent only 
about 5 pel cent of the total number of all diabetic patients Another 
reason is that, judging from hteratuie, hpoid metabolism studies do 
not, except in a few clinics, form part of the routine management of 
diabetes Joshn recorded his experience with twenty-six childien In 
one group of twenty-one cases the maximum, minimum and average 
cholesteiol values were 0109, 0 226 and 0146 per cent, respectively, 
and in five cases of another group the corresponding values weie 0 312, 
0 500 and 0 385 pei cent Because of the limited material available at 
the time, Joshn hesitated to venture to interpret these values It is 
obvious, therefore, that with the accumulation of more data, more will 
be known of this phase of diabetes, and it is for this reason that I wish 
to add to the liteiature my expenence with this phase of the disease 

Forty-six children were studied This investigation was made 
along the same lines as that concerning diabetes in adults previously 
leported, that is, an attempt was made to determine, statistically, 
whether in juvenile diabetes plasma cholesteiol is i elated to, and can 
afford an idex of, progress In order to deteimine the latter, the fol- 
lowing studies were made (a) a compaiison between plasma choles- 

^ Submitted for publication, Dec 12, 1928 

“ From the Department of Aletabolism, The Alontreal General Hospital, and 
the Henrv J Elliott Laboratory of the Shriners’ Hospital, Alontreal 

1 Rabmowitch, I AI The Cholesterol Content of Blood Plasma m Diabetes, 
Arch Int Aled , to be published 



RABINOWITCH— JUVENILE DIABETES 


373 


terol of diabetic and nondiabetic children, (&) the relationship between 
cholesterol content of blood plasma and degree of control of diabetes, 
and (c) the relationship between cholesterol content of blood plasma 
and insulin dosage 

Estimations were made on specimens of blood of fort 3 '^-four normal 
children “ under the same standard condition as previously described 
Their ages ranged from 3^ to 14 years Both sexes were fairly 
equally represented There were twenty -three boys and twenty-one 
girls Table 1 gives a brief summary of all of the analyses of the 
blood of both diabetic and nondiabetic patients 


Table 1 — Blood Analyses of Diabetic and Nondiabetic Patients 




Cbolesterol, per Cent 


Subjects 

/ ■ 

Maximum 

Minimum 

Average 

Nondiabetic 

0 234 

oin 

0176 

Diabetic 

OGOO 

0 120 

0 243 


Table 2 — Subjects Grouped Accoiding to Laboiatoiy Data 

Group 

Laboratory Data 

1 

Unne sugar-free, blood sugar normal 

2 

Unne sugar-free, blood sugar less than 0 18 per cent 

3 

Glycosuria once a month 

4 

Glycosuria twice a month 

5 

Glycosuna once a week 

6 

Glycosuria twice a»neck 

7 

Glycosuria daily, but free at times 

8 

Glycosuria persistent 


As in the case of the adults studied in the attempt to determine 
whether there was any relationship between plasma cholesterol and the 
control of the diabetics, the subjects were grouped according to the 
laboratory data as in table 2 

Though this classification may appear arbitrary, it has, in my 
experience, been found practical The average plasma cholesterol 
values were then calculated for each group The results are shown in 
table 3 

Table 3 — Cholestei ol Values foi Gioiips m Table 2 



Number of 

Average Plasma 
Cholesterol, 

Group 

Cases 

per Cent 

1 

10 

0176 

2 

8 

0 224 

3 

5 

0 220 

4 

6 

0 286 

5 

1 

0 260 

6 

3 

0 264 

7 

6 

0 236 

8 

7 

0 350 


2 This material was made available at the Shrmers’ Hospital for Crippled 
Children of Montreal All of these children were normal with the exception of 
having congenital, or acquired, bone deformities (clubfeet, etc ) 
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It IS obvious that, because of the small numbei of patients in each 
group, limited significance must be attached to the average values found 
In ordei, therefore, to treat the data statistically, the numbers were 
increased by dividing all subjects into two groups, namely (a) those 
who had glycosuria and (I?) those whose uiines were sugar free 
Twenty belonged to the former and twenty-six to the latter gioup 
The following values of each group were then determined (a) 
arithmetical mean (aveiage cholesterol), (&) standard deviation, (c) 
probable eiror of the mean Fiom these values weie then calculated 


T \BLE 4 — Statistical Devwnsti atwn of the Relationship Between Conti ol of 
Blood and Ui me Sngai and Plasma Cholestei ol 







Difference 

Between 



Average 



Probable Means 


Number 

Choles- 

Standard 


Error of 


of 

terol 

Dovia- 

Probable 

Difference Probable 


Cases 

(M) 

tion 

Error of 

Between Error of 

Group 

(N) 

per Gent 

(<r) 

Meant 

Means* Difference 

1 Xo glvcosurn 

20 

OlSl 

37 4 

5 G 1 

14 S 6 9 

2 Gheosurn 

26 

0285 

103 9 

13 7 J 



<7 

t 0 67419 — — » y (5 c)2 + (13 7)= 


(a) the difteience between the means and (b) the ratio of the difference 
betv een the means to the probable error of the difference The results 
of these calculations are shown in table 4 It will be seen that the ratio 
of diffeience between the means to the piobable error of the difference 
was 6 9 The lattei figure makes it practically certain that the difference 
between the average amount of cholesterol of the two groups is the result 
of the degree of control of the diabetes and not the result of chance In 
other words, children with glycosuria, that is, those in whom the dia- 
betes IS not conti oiled, tend to have a high cholesterol content of the 
blood 

Further proof of this conclusion was sought fiom another point of 
view An attempt was made to determine whether there was any 
relationship between plasma cholesterol and insulin dosage For this 
purpose all children were divided into four groups (a) those for 
whom it has been necessarj’- to increase the dosages of insulin, (&) those 
for whom the amounts required when first seen have remained 
unchanged, (c) those who were able to take decreased amounts, and 
(d) those who were able to discontinue its use entirely 

Table 5 shows the average values of plasma cholesterol of the 
different groups 

Again, the number of cases corresponding to each group was small, 
and in order to treat the data statistically, the children were divided 
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into two large groups, namely (a) those who weie able to take a 
decreased dosage of insulin, and (b) those who weie not able to do so 
In each case, the same calculations were made The lesults aie 
recorded m table 6 

It will be seen that the ratio of the diffeience beti\een the means 
to the probable error of the difference was 4 7 The odds against the 
occurrence of such a difference as found between the means, being the 
result of chance, were, therefore, about 650 to 1 In other woids, it is 
certain that insulin dosage was related to the plasma cholesterol 

From the results obtained in these studies, it appears that the plasma 
cholesterol of juvenile diabetic patients affords the same index of 


Table 5—Avciagc Plasma ChoIc<;tc)oI Value; 



Number ot 

Average Plisma 
Cholesterol, 

Group 

Cases 

pel Cent 

1 

19 

0 290 

2 

7 

0 224 


13 

0 226 

1 

7 

OlSo 


Table 6 — StaUstical Deinonsti atwn of the Relationship Betzvecn Insulin Dosage 

and Plasma Cholcsteiol 








Dilleience 
Betw een 


Number 

Average 

Choles- 

Standaid 


Probable 
Error of 

Means 





of 

terol 

Devia- 

Probable 

Diftcrence 

Probable 


Oases 

(M) 

tion 

Frror of 

Between 

Error of 

Group 

(N) 

per Cent 

(<r) 

Meant 

Means* 

DiCerence 

1 Able to decrease insulin 

20 

0 200 

47 5 

71 ] 

j 

• 16 2 

47 

2 Unable to deeiease insulin 

26 

0 277 

no 5 

14 6 J 




t 0 67449 ^ * V (7 1)= + (14 6)= 

VN 

progress for the child as it does for adults In view, however, of the 
small number of observations, these results are reported not because I 
am convinced that they would apply to a laiger senes of persons, but 
in order that others, with similarly available data, may test the con- 
clusion As has been stated, in view of the low incidence of juvenile 
diabetes, the material available in any one clinic is small 

It is of interest here to note that in a study of the blood fat of 
diabetic children, Gladys Boyd ^ reached a somewhat similar conclu- 
sion, namely ‘Increasing tolerance indicating a more or less constantly 
normal blood sugar usually lesults in maintenance of the blood fat at 
the noimal level ” 


3 Boyd, G L Blood Fat m Diabetic Children, Am J Dis Child 36 298 
(Aug) 1928 






DIABETES MELLITUS 


A STUDY OF ONE FIUNDRED AND FORTY-SEVEN AUTOPSIES 
WILLIAM F GIBB, JR, MD 

AND 

VICTOR W LOGAN, MD 

NEW YORK 

The piesent study is composed of an investigation of about 170 cases 
of diabetes melbtus in which autopsy had been perfoimed It was hoped 
that some correlation might be made of the clinical and pathologic obser- 
lations Foi this purpose we studied the clinical lecord, the protocol of 
the autopsy and the micioscoiAc sections From Dr ion Claim of the 
Piesbyteiian Hospital we obtained forty-nine cases, from Dr Rich of 
the Johns Hopkins Hospital thirty-six cases, from Dr Symmers of 
Bellevue Hospital twenty-five cases, from Dr Gross of Mount Sinai 
Hospital seventeen cases, from Dr Rohdenburg of the Lenox Hill Hos- 
pital eight cases, from Dr Denton of the New York Hospital eight cases 
andfiomDr MacNeal of the Post-Graduate Hospital four cases These 
cases date from 1909 to 1926, inclusively, and are therefoie not duplicates 
of the series reported by Cecil ^ In only 147 of the 170 cases reviewed 
did we obtain sufficient data for our purpose 

CLINICAL DATA 

Age Inadence, Se.x, Coloi and Nativity — The ages langed from 12 
to 76 years The distiibution as to decades is given in table 1 Seventy- 
two of the patients weie females and seventy-five males There were 
132 Caucasians, fouiteen negroes and one Chinese The native born 
patients numbered ninety-one, the Jewish, fifteen , the others were 
divided in groups of one to three between the countries of Europe 
Family Histoiy — Five cases presented a distinct history of diabetes 
in one or more membei s of the immediate family 

Duiahon of Symptoms — Twenty-two patients had had symptoms of 
diabetes for more than five years, thirty-six for more than one year, 
tv enty-nine for more than six months, eighteen for less than six 
months, while nine had not had symptoms and the condition was dis- 
coveied by the usual loutine tests of the hospital For the remaining 
eighteen cases there appealed no information in the history to indicate 
that the patient had been questioned as to the length of his illness One 

Submitted for publication, Dec 6, 1928 
^ From the Department of Pathology of Cornell University Medical College 
1 Cecil, R L Pathological Anatomy of the Pancreas in Ninety Cases of 
Diabetes Melhtus, J Exper Med 11 266, 1909 
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patient had been undei obseivation for twenty-five yeais because of 
diabetes 

Insulin — Since the majonty of patients died befoie the geneial use 
of insulin, we have not consideied this factoi in oui statistics 

GROSS AND MICROSCOPIC EXAMINATIONS OF PANCREAS 

The desciiption of the appeal ance and weight of the pancreas was 
neglected in many cases, and even when the weight is given one suspects 
the inclusion of extraneous fat and blood vessels We have not 
tabulated these figuies for this leason 

In eveiy case the usual sections weie stained with heniatoxylin- 
eosin, and m almost all cases moie than two poitions of the organ weie 
sectioned 

Table 1 — Age Distubution Accoidmg to Decades m Patients with Diabetes 


Interstitial Pancreatitis Lipomatosis Arteriosclerosis 

- A- A _ A 


Age 

Cases 

Cases 

Per Cent 

Cases 

Per Cent 

Cases 

Per Cent 

10 to 20 

12 

1 

S 

0 

0 

1 

8 

21 to 30 

15 

4 

26 6 

0 

0 

1 

65 

31 to 40 

16 

7 

44 

1 

63 

2 

12 5 

41 to 50 

36 

23 

64 

8 

22 

12 

33 3 

51 to 60 

45 

29 

64 

20 

44 4 

29 

64 

61 to 80 

23 

15 

65 

12 

52 

18 

78 


ASSOCIATED LESIONS OF OTHER ORGANS 

Endoenne Disorders — Nine patients had adenomatous tliyioids and 
one, colloid goiter One showed hypoplasia of the stipiarenals, another 
showed hypeiplasia, while a thud had fatty infiltration of the supiarenal 
cortex Thiee cases weie classed as status lymphaticus 

Lesions of the Livci — Of seven of the fifteen patients having 
cirihosis of the livei, the condition was associated with hemochromatosis 
and one had a hepai lobatum All but two of these showed inteistitial 
pancreatitis Adami “ i ef erred to the frequent association of these two 
conditions Sixty-seven showed some fatty change, and of these forty 
had definite fatty mfiltiation 

Lesions of the Heait — Root and Warren® weie paiticulaily 
impiessed by the early occurrence of myocardial damage m diabetic 
patients In their senes of twenty-six patients, there were five under 
the age of 40 who showed coronary sclerosis, chronic myocarditis or 
coronary thrombosis Sclerosis of the coronary vessels occurred in 

2 Adatni and McCrae A Textbook of Pathology, Philadelphia Lea & 
Febiger, 1912, p 595 

3 Root, H F, and Warren, S Clinical Pathology of Twenty-Six Cases of 
Diabetes, Boston M & S J 45 194, 1926 
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twent}- of our patients, but only one of them was under 40 Infarction 
of the -ventricular muscle occurred in eleven patients, all of them ovei 
40 3^eais of age, while chionic myocaiditis was present in mneteen over 
40 and in one under 40 No relation was found between the degree of 
myocardial damage and that of the islands of Langerhans In the group 
showing hemochromatosis, 43 per cent were aftected with chronic 
myocarditis, but the factors producing the change here were obviously 
other than diabetic 

Acute Infections — Thirty-seven patients had suppuiative lesions 
Twelve had multiple abscesses, twelve cellulitis, eight pei ineplii itic 
abscesses, two carbuncle and three otitis media A surprising number 
showed ascending infections of the urinary tiact, these numbeied 
twenty-one, or 14 5 per cent Thirty-six cases gave evidence of pneu- 
monic involvement at autopsy 

LESIONS OF THE PANCREAS 

Interstitial Pana catihs — Interstitial pancreatitis was present in 123 
cases, of which ninety-five or 64 8 pei cent, showed interacinar, and 
twenty-eight oi 19 per cent, interlobular, fibiosis CeciN found that 
71 per cent of his cases showed interacinai, and 4 4 pei cent, mterlobulai, 
fibrosis If one disregards those cases in which only a slight increase 
m fibrous tissue occur led, there remain seventy-nine, or 53 7 per cent, 
of all oui cases which showed a well developed interstitial pancreatitis 
Table 1 gives the age incidence in interstitial pancreatitis and shows that, 
while this lesion is seen to increase with age, the high proportion of per- 
sons affected in middle life must be explained by some other factor One 
that suggests itself is acute inflammation of the parench}ma, which heals 
by fibrosis Six cases in the senes bear out this theory 

Case 121 — The patient, aged 44, showed a pancreas which was the seat of a 
single large abscess surrounded by a thick fibrous wall This had apparently been 
due to a perforated peptic ulcer The onset of the diabetes occurred seven weeks 
prior to death 

Case 47 — A man, aged 54, was found to have an elongated abscess under the 
peritoneum in contact with the pancreas He had been admitted to the hospital for 
cirrhosis of the liver with ascites, and gave no history of diabetic symptoms 

Case 36 — A man, aged 26, showed hemorrhage into the substance of the 
pancreas with leukocytes infiltrating the connective tissue He gave a history of 
four neeks’ duration of diabetic symptoms 

Case 51 — A man, aged 23, showed necrosis of the head of the pancreas with 
healing productive fibrosis His symptoms had lasted two years 

C\SE 90 — A man, aged 75, showed hemorrhage into the fat and septums of the 
pancreas, with polvmorphonuclear leukocytes in the extravasated blood His 
s}mptoms had increased markedly in the si-^ weeks prior to his death 

Case 116 — A. man aged 62, showed marked edema of the fibrous tissue of the 
pancreas, which was invaded b% wandering cells He had been admitted for an 
infected hand and had not had sjmptoms of diabetes until admission 
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These cases suggest that a possible etiology of the chionic pioductne 
hbiosis seen at autopsy may be the lesult of acute infections, and. fui- 
thei, that these acute inflammations may account foi the sudden onset 
in ceitain cases of diabetes 

Anothei cause of inteistitial panel eatitis may be sought in its 
relation to gall bladdei disease Eleven patients of the senes had chionic 
cholecystitis, and all but one had definite fibiosis of the panel eas In 
ten cases stones weie found in the gallbladdei without evidence of 
cholecystitis, of these, six showed interstitial panel eatitis In case 14a, 
the pancreas was lepiesented by a long stiand of fibrous tissue in which 
weie embedded faiily numerous islands It seems piobable that at 
one time theie had been an occlusion of the duct, and since a pancieatic 

Tablc 2 — Effect of Intel Khtial Fibiosis on Island Cells’ 


Interstitial Pancreatitis Capsular Thicl.cning 

, » , j 


Isl.uid Lesion 

Total 

Cases 

/ 

Oases 

A 

Ter Cent 



Cases 

—A ^ 

Per Cent 

Normal islands 

n 

3 

28 

3 

27 

Pyknotic islands 

is 

7 

46 

3 

20 

Slight fibrosis 

31 

11 

45 

17 

55 

Moderate fibrosis 

23 

11 

48 

1C 

70 

Marked fibrosis 

25 

16 

61 

10 

Cl 

Hyaline islands 

30 

22 

73 

16 

58 

Hcmncliromatosis 

1 

7 

100 

4 

57 


* Classification of lesions of Islands of Lnngcrlinns 
I Normal islands 
II Fibrosis of islands 

(a) Sliglit fibrosis 

(b) Jlodciatc fibrosis 

(c) BlarKcd fibrosis 

III Ilyalino degeneration 

IV Pytnotic cliangos 
V Hcinoelnomatosis 

VI Oapsulai thicl.ening 
VII Hcmonlngc into tbc islands 
VIII Giant nuclei 


calculus was not found at autopsy, it may well have been caused by a 
stone in the ampulla The organ lesembled those described by Mac- 
Callum ‘ aftei experimental ligation of the duct 

The effect of inteistitial fibiosis on the island cells is definitely 
shown in table 2, that is, the moie serious the damage to the islet, the 
gieatei is the percentage of interstitial change Severe intei acinar 
fibiosis lesults in atiophy of the parenchymatous tissue This may 
account for the clinical obseivations of Jones, Castle, Mulholland and 
Bailey^ who repoited a senes of diabetic cases, half of these showed 
diminished activity of the pancieatic secietions 

L^pomatosts — It seems possible that the atiophied tissue of the 
panel eas is leplaced by fat Lipomatosis of the pancreas is piactically 


4 AtacCallum, W G Relation of the Islands of Langerhans to Glycosuria, 
Bull Johns Hopkins Hosp 20 265, 1909 

5 Jones, C M , Castle, W B , Mulholland, H B , and Bailey, F Pancreatic 
and Hepatic Activity in Diabetes Melhtus, Arch Int Med 35 315 (March) 1925 
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absent among patients under 40 years of age Half of the patients over 

60 aie affected (table 1) Its incidence follows that of mteistitial pan- 
creatitis by about twenty years In extreme cases the islands are isolated 
from the acini hy aieolar tissue 

Tuberculosis — Tuberculous lesions of the panel eas were not found 
in any case 

LESIONS or THE ISLANDS OF LANGERHANS 

Since serial sections were not available, figures of the numbei or 
size of the islands found in any case are not given Adenomas of the 
insulai tissue were not seen While certain of the islands seemed laiger 
than others, we aie not able to piesent any obseivations that would sub- 
stantiate the theoiies of legeneration and hypertrophy 

Capmlai Thickening — Capsular thickening was piesent in 53 per 
cent of all cases According to Otani,® there is no capsule for the normal 
island beyond the basement membiane of the surrounding acini He 
regal ded the capsule as a definite indication of interstitial inflammation 
Other observeis stated that the noimal island is sui rounded by a delicate 
connective tissue framework, one oi more cells of which can be seen on 
section and which sends delicate stiands into the island, these act as a 
support foi the islet cells and carry the blood vessels and nerves Cap- 
sular thickening occuired in conjunction with interstitial pancreatitis in 

61 per cent of the cases It appears to be moie closely i elated to fibrosis 
of the islands, since m the normal and pyknotic gioup it was present 
in less than 30 per cent of the cases, while in the fibrotic groups it 
ranged from 55 to 70 per cent (table 2) 

Normal Islands — In eleven cases changes were not noted in the cells 
of the islands It is possible that there may have been damaged islands 
in uncut poitions of the pancreas 

Fibiotic Islands — The most constant change noted was an increase 
in the connective tissue within the islands This lesion has been referred 
to a “sclerosis” in other papers on this subject The degiee of fibrosis 
\aried greatly in different islands of the same pancreas, and in scarcely 
any pancreas was there an absence of normal islands In this the organ 
lesembles the kidney, in which damaged and unchanged glomeiuli he 
side by side We loughly classified the degree of fibiosis as (a) 
slight, (Zi) model ate or (c) marked, according to the extent to 
which the majoiity of islands weie involved The airangement of 
the fibrous elements of a scleiosing island is like that of a tree, 
the trunk of which cairies the blood vessel to the center of the island 
Even though the fibrotic process is fai advanced, the epithelial cells often 

6 Otani, S Studies on the Islands of Langerhans in the Human Pancreas, 
Am J Path 111 1, 1927 
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show lemaikably good preservation It is haul to believe, howe^ei 
that the blood supply and the nerves aie uniinpaned 

Hyaline Degenei ation — All grades of h} aline change aie seen, fiom 
small amounts of extiacellulai, pinkish-staining, homogeneous mateiial 
to complete leplacement of an island In these cases, it closely resembled 
a hyaline glomeiulus Advanced fibious is always piesent with this 
lesion and must be the piecursor of it A late, though not a common, 
process is calcification of these hyaline aieas Malloiy mentioned tins 
condition in his textbook We had one example of this m case 86, m a 
woman, aged 66, who had had symptoms foi four years The panel eas 
showed maiked fat invasion, marked mteistitial fibiosis of the acmai 
poitions and extieme thickening of the aiteiies with calcified media The 
islands varied fiom paitial to complete hyalinization, and many weie 
stained blue, the same color as the media of the aiteiy 

Hemochi omatosis — Seven of the patients had diabetes which was 
secondaiy to hemochromatosis Two of the patients appeared not to 
have lecognizable islands Five showed definite fibiosis, but no hyaline 
change The island cells had varying amounts of pigment, but were not 
otherwise different from the usual appearance of a natuial cell 

Pyknotic Changes — In a limited numbei of cases, the islands stood 
out very clearly fiom the acinar tissue, owing to the fact that the 
nuclei were more deeply stained On close examination the cells weie 
seen to have small, darkly-stained nuclei, the chromatin network of which 
was nevertheless distinct The cytoplasm was strongly acidophil Of 
this group, only two showed evidence of insular fibiosis and in three 
giant nuclei were found The other cases of this group did not show 
any change except in the pyknotic islands That this is not a post- 
mortem change is clearly shown by the fact that there was no autolysis 
of the parenchyma as a whole in, the region of the islands and that the 
pyknotic islands were seen m cases in which autopsy was performed 
early, that is, in case 104, one and a qiiaiter hours post mortem and in 
cases 107 and 108, two hours post mortem The average age of this 
group IS the youngest of any m our series Of the fifteen patients, one 
half died before the age of 40 Four died in then second decade, two 
111 their third and two m then fouith 

Hemoiihage — In four cases, hemorrhage into the islands occur lecl 
This was confined to the islands and did not appear m the surrounding 
parenchyma One also showed slight fibrosis and another maiked 
fibiosis of the islands A third presented pyknotic islands and giant 
nuclei The causes of death m the patients were lobar pneumonia, 
diabetic coma, cardiac failure and suppurative nephritis 

7 Mallory, T B Principles of Pathological Histology, Philadelphia, W B 
Saunders Company, 1918, p 521 



382 


ARCH IP tS OF INTERNAL MEDICINE 


Gwiif Nitcle'i — Slight vaiiation in the size of the nuclei is expected, 
and this is one of the differentiating points between the alpha and 
beta island cells Occasionally one sees an island with one or two 
nuclei about four times the diameter of its fellows These do not differ 
in an} respect from the other cells except in size One of these five 
cases did not show other changes in the islands The other cases were 
associated with pyknotic islands, and in one of them hemorrhage was 
present in an island 

CLINICAL SYMPTOMS 

It soon became apparent to us that there were difficulties in estimat- 
ing the severity of the diabetes in any given case on the evidence at 
hand in the clinical records Estimations of blood sugar were made 
under vaiying conditions, patients weie admitted and died from the 
effects of acute infections or from postoperative shock, in short, there 
was no ciiterion by which one could say with any scientific accuracy 
that a patient had mild or severe diabetes We piesent the comments 
below for what they are worth 

Coma — There weie fourteen cases of true diabetic coma uncom- 
plicated by nephritis or infection The following figures show the dis- 
tribution according to damage of the islands normal islands, one, 
pyknotic islands, one, slight fibrosis, thiee, moderate fibrosis, three, 
marked fibiosis, three, and hyaline islands, three From this, it would 
appear that the degree of damage to the islands has little to do with 
the onset of coma Of course, the senes is small 

Gangtene — Twenty-three patients between the ages of 45 and 62 had 
gangiene of the extremities Of those who lived beyond the age of 
40, more than one m five developed gangrene Seventy-five cases of the 
patients with gangrene had marked generalized arteriosclerosis and 
thiiteen per cent had only moderate arteriosclerotic changes The fol- 
lowing figures give the relation of gangrene to damage of the islands 
normal islands, in foui cases, or 36 per cent of the gioup, pyknotic 
islands, three, oi 20 per cent, slight fibrosis, seven, or 23 per cent, 
moderate fibiosis, two, or 9 per cent, marked fibrosis, five, or 20 per 
cent, and hyaline islands, two, or 7 per cent Here, again, there does 
not appeal to be any i elation between the degree of change in the 
islands and the incidence of gangrene It is highest m those showing 
the least damage and lowest in the hyaline group 

ANALYSIS OF SYMPTOMS IN CASES SHOWING ONLY NORMAL ISLANDS 

Three patients had symptoms of less than six months’ duration 
Five had symptoms for from two to twelve years before death In 
three cases, there was no record as to the duration or the symptoms 
Six of the eleven patients were sugarfree on a diet without insulin 
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Three died before a special diet was instituted, that is, within a few 
houis after admission These data are suggestive, but again the series 
IS too small to diaw conclusions 


SUMMARY 

1 A study of 147 cases of diabetes melhtus in which autopsy was 
performed was made with paiticular refeience to the pathologic stiucture 
of the panel eas and the clinical course of the disease 

2 Intel stitial pancreatitis was found in 123 cases, seventy-nine of 
which showed well advanced lesions While this condition is more fie- 
quently present m older persons, it is often found in middle-aged per- 
sons An explanation for this is offered in six cases showing acute 
inflammation of the interstitial tissue of the pancreas A direct i elation 
was found between the incidence of interstitial pancreatitis and lesions 
of the insulai tissue (table 2) Tuberculous lesions in the pancreas were 
not found in any case 

3 Lipomatosis of the panel eas is a late result of atrophy of the 
acinai tissue due to inteistitial panel eatitis 

4 Definite lesions of the islands of Langerhans weie found in all 
but eleven of the cases studied These lesions vaiied fiom difference 
in the staining reactions of the cells to fibrosis of the islands and hyaline 
degeneration One case of calcified islands was seen 

5 No 1 elation was found between the type of cases in which gan- 
giene was piesent and the degiee of damage to the islands The same is 
tiue of coma 

6 An analysis of eleven cases without appaient damage to the islands 
showed that six patients did not have glycosuria when placed on a diet 
without insulin 

7 It IS hoped that a simple test may be devised to enable one to 
correlate the seventy of the diabetic condition Until this has been 
done. It seems impossible to i elate the clinical and pathologic obseivations 
in diabetes melhtus 



THE EFFECT OF SYNTHALIN ON THE RESPIRA- 
TORY QUOTIENT OF THE DIABETIC 
PATIENT 

W G KARR, PhD 

C SCHUMANN, M D 

AXD 

O H PETTY, M D 

PHILADELPHIA 

In 1926, Flank, Nothmann and Wagner ^ isolated a guanidine deriva- 
tive, a diguanid}! decamethylene, which they called “S^nthalin ” This 
was reported to be effective in reducing blood sugar when taken by 
mouth and was suggested as a substitute for insulin in the treatment 
of diabetes Numerous publications have appeared, especiall}' in Europe, 
concerning its use in diabetes and the possible mechanism of its action 
A supply of synthalin - was obtained for therapeutic trial on diabetic 
patients During the course of this investigation, a study was made of 
the respiiatory quotients after a meal of dextrose It is believed that 
any drug reputed to have an insuhn-hke action must manifest itself by 
an increased oxidation of carbohydrate in the diabetic organism Blath- 
erwick, Sahyun and Hill ® stated that synthalin may possibly produce a 
hypoglycemia by an insulm-hke action or by interfering with normal 
gl} coneogenesis because of injury to the liver The present work sup- 
ports the idea that synthalin does have an insuhn-like action in that it 
aids in the utilization of carbohydrate in the diabetic organism Because 
of its toxicity, we believe that its clinical use is contraindicated The 
data in this paper are presented only as evidence concerning the possible 
mechanism of the influence of this guanidine derivative on carbohydrate 
metabolism 


Submitted for publication. Sept 25, 1928 

* From the Biochemical Laboratories of the Graduate School of Medicine of 
the Unnersity of Pennsjhania, and the Department of Metabolic Diseases, Phila- 
delphia General Hospital 

1 Frank, E , Nothmann, M , and Wagner, A Kim Wchnschr 5 2100, 

1926 

2 S 3 mthalin was supplied through the courtesj'' of Eh Lilly & Company, 
Indianapolis 

3 Blatherwick, N R , Sahyun, M , and Hill, E T Biol Chem 75 671, 

1927 
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nXPERIMnXTAL DMA 

Patients weie selected at landom, some with mild, others wnth severe 
cases of diabetes The} w’^ere kept in bed in the morning without bieak- 
fast, a blood sugar deteimination w^as taken while fasting, a specimen 
of urine obtained and the expued an collected in a Tissot spirometer foi 
a period of ten minutes The expired an w^as analyzed for caibon 
dioxide, oxygen and nitiogen wnth a Hendeison-Haldane gas anahsis 
appaiatus As the collection of mine from patients o^el shoit periods 
was unreliable, w^e assumed that 15 pei cent of the total calories came 
from piotein lather than attempt to calculate the protein metabolism 
from the nitrogen in the mine After the total calories fiom the oxygen 
consumption weie obtained, the caloiies produced by the oxidation of 
carbohydrate w^ere detei mined by the tiiangular map of DuBois ^ The 
giams of caibohydrate utilized weie calculated by dividing the carbo- 
hydrate calories by 4 1 Appi oximately one hour after the blood sugar 
during fasting was taken a meal of dextrose was given, generall} 
0 5 Gm of dextrose per kilogiam of body w'eight, in one patient with a 
mild case of diabetes, how^ever, 1 5 Gm was administered The blood 
sugar was then measured at inteivals of one-half, one, twm and three 
hours Specimens of mine weie collected for three hourl} periods 
Collections of expired an weie made at approximately three-quarter houi 
inteivals for the three-hour period Special attention w^as paid to the 
attainment of noimal lespiration in all patients, as over or under ventila- 
tion causes appreciable eiror m the lespiratory quotient For the periods 
in which the patient leceived synthalin, these experiments weie dupli- 
cated as closely as possible, with the exception that synthalin w^as given 
one or more horns previous to the meal of dextrose As a pieparation 
for both the control periods and the periods during which synthalin was 
given, the administration of insulin w^as discontinued at a similar time, 
previous to both experiments and for a sufficient interval to obviate 
appreciable effects of the insulin on the utilization of carbohydrate The 
detei minations for blood sugai w^ere made by the method of Fohn and 
Wu,^ and the presence of sugar in the urine was determined by the 
method of Sumner “ A similar study of the respiratory quotient has 
been used by Petty and Stonei " to differentiate diabetes from benign 
glycosuiias Repeated studies have confirmed the observation that the 
lespiratory quotient of patients with tiiie cases of diabetes wall not rise 

4 DuBois, E F J Biol Chem 59 43, 1924 

5 Folin, O, and Wu, H J Biol Chem 41 367, 1920 

6 Sumner, J B J Biol Chem 62 287, 1924 

7 Pett\, O H, and Stoner, W H Am J M Sc 171 842, 1926 
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appreciably after a meal of dextrose, while patients with so-called renal 
diabetes give a noimal response, with the respiratory quotient approach- 
ing 1 

REPORT or CASES 

C A.SE 1 — W , a man, aged 62, who weighed 77 1 Kg and whose height was 
168 cm , had a mild case of diabetes He was admitted to the hospital on June 10, 
1927, with an infected foot which was incised and drained He was discharged 
from the hospital on Jul}-' 28, 1927, and reported to the outpatient department regu- 
larly The diabetes was controlled with diet He was readmitted to the ward on 
Aug 30 and Sept 2, 1927, for the studies on the respiratory quotient 


T-^ble 1 — Results of Studies on the Respv atoi y Quotient m Case 1 




Urine, 




Calories 



Dex- Expired Air 

Oxygen 



from 0 x 1 



trose, , * V 

Intake 


Total 

dation of 


Blood 

per 10 Minute Carbon 

per 

Respi- 

Calories Garbo 

Time 

Sugar, 

Hour, A^olume, Dioxide, Oxjgen, 

Hour, 

ratory 

per 

hydrate 


Mg 

Gm Biters per Cent per Cent 

Liters 

Quotient 

Hour 

per Hour 

Aug SO 







8 00 

85 

0 





8 50 


53 2 3 29 16 87 

13 00 

0 759 

64 7 

9 

9 00 

Given 3S Gm ot dextrose bj' mouth 





9 30 

152 






9 to 


57 3 31 10 90 

14 26 

0 784 

681 

15 6 

10 00 

170 

0 





10 30 


63 3 3 32 17 09 

15 19 

0 820 

73 3 

264 

11 00 

100 

0 





11 15 


57 8 3 19 17 24 

13 32 

0 819 

64 3 

22 5 

11 45 


57 9 3 22 17 20 

IS 32 

0 817 

63 2 

221 

12 00 

140 

0 






Dextrose burned in three hour period after meal of dextrose = 13 6 Gm 


Sept 2 







8 10 


54 7 3 20 16 98 

13 62 

0 775 

650 

13 

8 20 

9S 

0 Given 80 mg of synthabn bj mouth 




9 00 


Gir on 38 Gm of dextrose by mouth 




9 20 


58 8 3 32 17 06 

14 28 

0 811 

637 

22 7 

9 30 

118 






10 00 

131 

0 





10 15 


68 1 3 13 17 07 

13 56 

0 931 

074 

49 2 

10 45 


07 8 3 11 17 56 

14 10 

0 880 

692 

40 8 

11 00 

G5 

0 





11 15 


60 3 3 11 17 57 

13 73 

0 890 

674 

40 

11 45 


60 4 3 09 17 45 

13 08 

0 846 

63 6 

286 


Dextrose burned in three hour period after meal of dextrose r= 25 

Gm 



C ^SE 2 — H R , a man, aged 66, who weighed 69 Kg and whose height was 
178 cm , had a moderately severe case of diabetes , he had been treated for this 
condition since 1922 The patient had had many admissions to the hospital, and 

at the time the studies on the respiratory quotient were made he was employed as 

an orderly An apparent cirrhosis of the liver and an old pulmonary tuberculous 
lesion vere present, which later became active and from which he recently died 
At the time the studies on the respiratory quotient were made, the diabetes was 
controlled with a prescribed diet and from 25 to 30 units of insulin daily 

Case 3 — J I , a man, aged 23, who weighed 59 Kg and whose height was 

184 cm , had a moderately severe case of diabetes He required a prescribed diet 

and from 25 to 30 units of insulin daily He had noted the symptoms of diabetes 
onl} three months previous to the present examination He was admitted to the 
hospital on Sept 1, 1927, and discharged to the outpatient department on Oct 10, 
1927 He received from 25 to 30 units of insulin daily with a prescribed diet until 
synthalm therapy vas substituted, which was maintained until the diabetes was- 
controlled by diet alone He has since taken some insulin 
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C\SE 4 — H S, a man, aged 57, who weighed 54 Kg and whose height was 
160 cm , had a mild case of diabetes He was admitted to the hospital on July 18, 
1927, and discharged on Aug 20, 1927 The diabetes was usually controlled by 
diet alone 

Case 5 — H L , a 3 muth, aged 16, who weighed 67 4 Kg and whose height was 
190 cm , had a severe case of diabetes He required a prescribed diet and from 
70 to 80 units of insulin dail}^, although he was occasionally suspected of cheating 
on his diet He also had hyperthyroidism and indications of other endocrine dys- 
function At the time of the experiments, his basal metabolic rate was plus 30 
to 35 He had had numerous admissions to the hospital 

Table 4 — Results of the Studies on the Rcspuatoiy QuoUent m Case 4 


Unne, Calories 

Dev- Expired Air Oxygen irom Oxl 

trose, , * ^ IntaXe Total dation of 

Blood per 10 Minute Carbon per Ecspi- Calories Garbo 

Time Sugar, Hour, Volume, Dioxide, Oxygen, Hour, ratory per hydrate 
Mg Gm Liters per Cent per Cent Liters Quotient Hour per Hour 

July 26 

8 00 91 0 


8 45 


43 5 

327 

16 89 

11 11 

0 758 

52 8 

69 

9 10 


Given 125 Gm of dextrose by mouth 




9 20 

134 

0 







9 40 

217 








9 55 


491 

328 

16 90 

12 53 

0 762 

69 5 

89 

10 10 

303 

1 







10 25 


551 

321 

1717 

12 95 

0 816 

626 

213 

10 55 


605 

3 26 

1710 

14 51 

0 805 

698 

209 

11 10 

251 

73 







11 25 


521 

325 

17 24 

1198 

0 838 

581 

24 4 

11 55 


542 

318 

17 39 

11 90 

0 857 

68 

278 

12 10 

150 

19 








Dextrose burned in three hour period after meal of dextrose = IS 7 Gm 


Aug 19 









8 00 

102 

0 Given 40 rag of synthahn by moutli 




8 45 


42 4 

3 65 

16 67 

1129 

0 813 

543 

18 7 

9 00 


0 Given 125 Gm of dextrose bj mouth 




9 30 

129 








9 45 


52 7 

310 

17 58 

10 88 

0 889 

53 4 

32 

10 00 

183 

0 







10 15 


55 5 

3 27 

17 52 

11 55 

0 931 

57 3 

418 

10 45 


55 8 

316 

17 68 

11 02 

0 948 

519 

43 9 

11 00 

109 

0 







11 15 


53 6 

3 23 

1747 

11 39 

0 901 

561 

352 

11 45 


53 7 

3 25 

17 54 

11 12 

0 930 

551 

40 2 

12 00 

100 

0 








Dextrose burned in three hour peiiod after meal of dextrose = 27 5 Gm 


Case 6 — E B , a man, aged 38, who xveighed 67 Kg and whose height was 
175 cm , had a moderately severe case of diabetes He had noted the symptoms 
for about six months He required a prescribed diet and approximately 35 units 
of insulin daily to control the diabetes There were some indications of a slight 
hj perthyroidism 

COMMENT 

The dextrose tolerance, as measuied by the sugai in the blood and 
urine after a meal of dextrose, was notably improved dtiimg the period 
in which synthahn was given to the two patients with mild cases of 
diabetes, cases 1 and 4 In case 3, although the blood sugar curve was 
similar to that of the control subject, there was a marked decrease m 
urinary sugai When the test was repeated a day later, without the use 
of any drug in the interim, the height of the blood sugai curve was much 
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deci eased, although the respiratory quotients ^^ere similar to those during 
the control peiiod The patient in case 5 did not show any impiovement 
in tolerance The patient in case 2 showed a slight improvement \Mth 
the use of s>nthalin, and a marked impio\cment thiee weeks later, 

Table S — Results of Studies on the Rcspii atoi y Quotient in Case 5 




Urine, 




Calories 



Dex- Expired Air 

Ox^ gen 



from 0 x 1 



trose, / * , 

Intake 


Total 

datlon of 


Blood 

per 10 Minute Carbon 

per 

Bespi- 

Calories Oarbo* 

Time 

Sugar, 

Hour, Volume, Dioxide, Ox\gen, 

Hour, 

ratory 

per 

hydrate 


Mg 

Gm Liters per Cent per Cent 

Liters 

Quotient 

Hour 

per Hour 

8 00 

loV 

0 





8 45 


91 4 3 38 16 59 

2611 

0 724 

122 8 

12 

9 00 


0 Gi% en 33 Gm of dextrose bv mouth 




9 30 

234 






9 45 


88 8 3 39 16 61 

24 46 

0 729 

115 3 

34 

10 00 

243 

57 





10 SO 


82 4 3 SC 16 32 

24 2S 

0 716 

114 2 

0 

11 00 

251 

98 





11 15 


S3 7 3 34 16 50 

23 80 

0 696 

116 4 

0 

11 45 


89 7 3 32 16 63 

24 65 

0 716 

115 9 

0 

12 00 

203 

56 






Dextrose burned in three hour period after meal of dextrose = 08 Gm 


Sept 16* 







8 00 

183 

0 





8 50 


65 3t 4 40 15 48 

22 53 

0 758 

107 

14 

9 00 

193 

0 Given 33 Gm of dextrose bv mouth 




9 30 

243 






0 45 


85 9 3 79 16 41 

24 38 

0 792 

1171 

30 4 

10 00 

268 

6 5 





10 30 


84 7 335 1675 

22 46 

0 748 

106 5 

95 

11 00 

224 

62 





11 15 


781 374 1628 

23 01 

0 753 

1091 

13 

11 45 


87 3 3 65 1625 

26 03 

0 726 

1226 

36 

12 00 

203 

57 






r>e\trose burned m three hour period after meal of dextrose = 11 8 Gm 


* Previous to the experiment made on September 16, the patient vas given syntbalm as 
follows September 15, 12 noon, 20 mg , 4 30 p m , SO mg , 12 midnight, 20 mg , September 16, 
S a m , SO mg 

t The low ten minute volume was due to the leading of the valve on the spirometer side 
causing some rebreathing 


Table 6 — Results of Studies on the Respu atoi y Quotient m Case 6 





Unne, 








Dex- Expired Air 

Oxygen 






trose, , 

A 

Intake 


Total 



Blood 

per 10 Minute Carbon 

per 

Eespi- 

Calones 


Time 

Sugar, 

Hour, Volume, 

Dioxide, Oxjgen, 

Hour, 

ratory 

per 



Mg 

Gm Liters 

per Cent per Cent 

Liters 

Quotient 

Hour 

8 00 


224 

2 





9 05 



57 8 

3 71 1641 

16 51 

0 771 

78 6 

9 15 


Given 60 mg of synthalin bj mouth 




10 00 



58 

3 63 16 41 

16 54 

0756 

78 6 

10 16 


197 

25 





11 00 



62 3 

3 41 16 72 

16 61 

0 769 

789 

U 15 


166 

26 





11 35 



65 5 

3 24 16 85 

16 99 

0 741 

803 

12 10 



639 

3 34 16 83 

16 52 

0 766 

787 

12 15 


ISO 

15 






although these data are vitiated by the long interval between the tests 
during winch time the patient received synthalin daily 

In four of the five cases, there was an increase in the respiratory 
quotients during the periods in which synthalin was given, over those 
duiing the control periods, indicating that moie carbohydrate was being 
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utilized after the patient had been given synthahn This increase amounts 
to from 10 to 15 Gm of carbohydrate in the three-hour period studied 
The patient in case 2 did not show this inciease in utilization, although 
the diabetes was controlled for a number of weeks by diet with the aid 
of synthahn It is important to consider the late of ventilation m these 
expel iments, as overventilation may easily increase the amount of carbon 
dioxide loss fiom the body and give a misleading high respirator}' quo- 
tient A compaiison between the peiiod in which synthahn was given 
and the contiol period of the aveiage volume of expiied air in the ten 
minute periods aftei the meals of dextrose had been given gives data 
which indicate that the higher respiiatoiy quotients during the periods 
in which synthahn was given were not due to over\ entilation This is 
possibly not true in the patient in case 3, whose late of ventilation was 
appreciably higher duiing the peiiod in which synthahn was given, and 
which was lather ii regular thioughoiit the experiments In case 4, the 
results might seem to lose their significance because of the long inteival 
between the control experiment and the expeiiment with s}nthalin 
Howevei, this case was used in a similar expeiiment on the respiiatoiy 
quotient with another diug shortly before the study with synthahn The 
results aie not recoided m table 3, but they showed data on the sugai 
toleiance and the respiratory quotient similar to the control experiment 

Similar studies to those repoited heie have been made by A Lublin ® 
He found in two rathei seveie cases of diabetes that aftei the patient had 
taken a meal of dextiose the lespiiatoiy quotient lose higher aftei pie- 
vious s}nthahn therapy than m the contiol peiiod when no diug had been 
given In contiast to the piesent expei iments, Lublin gave synthahn 
the day previous to the test, in one case 40 mg , and in the other 75 mg 
In one patient (case 3) on whom we pei formed the test both immediately 
after he had leceived the synthahn and twenty-fom houis later, we found 
a response of the lesjniatory quotient only in the foimer test vhile the 
latter was similar to that of the contiol period In view of the reputed 
slower action of synthahn, it is suipiismg to note the quick i espouse 
which was obtained in the piesent expei iments 

Recent studies on the i elation of synthahn to carbohydiate metabo- 
lism have been made by R Bodo and H P Maiks ® They were able 
to pioduce a maiked hypoglycemia in rabbits, provided a sufficiently 
large dose was given paienterally Rabbits killed dtiiing the time the 
hypoglycemia was piesent showed a decrease m the glycogen of the liver, 
which result is in contiast to the action of insulin In the evisceiated 
cat from which the spinal column had been lemoved, and in the pel fused 

8 Lublin, A Arch f exper Path u Pharmacol 124 118, 1927 

9 Bodo, R , and Marks, HP J Phvsiol 65 83, 1928 
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hind leg of a dog, the application of synthalin caused a disappearance 
of blood sugar There was a decrease in the glycogen of the muscle, 
and lespiratory experiments showed a decrease m oxygen consumption 
of the preparation As the sugar which disappeaied fiom the blood was 
neither binned noi stored, the authois sought another explanation for 
the phenomenon The lactic acid of the blood was appieciably inci eased, 
and the lespiratory quotients of the preparations rose above unit} These 
data suggest that the explanation of the mechanism of synthalin which 
1 educes the blood sugai may be pimcipally m the foimation of lactic acid 

These expeiiments aie of interest m relation to the present studies 
on the lespiiatoiy quotients It might be possible that the apparent use 
in the respiratoiy quotient aftei the admmistiation of synthalin could be 
due to the foimation of lactic acid which liberates caibon dioxide fiom 
the blood If this was the case, it was thought possible that synthalin 
admmisteied to a patient without dextrose would cause an appaient use 
m the lespiiatory quotient Case 6 was studied wuth this m mind On 
the day pievious to the experiment the patient w^as given 20 units of 
insulin at 7 30 a m and 5 units at noon, then the admmistiation of 
insulin was discontinued, and synthalin was given as indicated m chart 6 
Undei these conditions the synthalin did not cause an increase m the 
lespiiatoiy quotient oi a deciease in the consumption of oxygen There 
w^as also no deciease m the consumption of oxygen m the othei cases 
studied when the pei lod m which synthalin was given was compared with 
the contiol peiiod The lactic acid of the blood m case 6 was determined 
befoie and after the admmistiation of synthalin, and an appreciable 
mciease was not noted While the evidence is not at all complete, it 
would seem possible that the formation of lactic acid alone is not suffi- 
cient to explain the mciease of the respiratory quotients m the piesent 
experiments 

Many mvestigatois have considered the toxic action of synthalin on 
the liver, and mention has been made of its nephrotoxicity We have 
ceitam data (being piepared for publication) which substantiate these 
views and emphasize the nephrotoxic action We do not have any inten- 
tion, m this paper, of advocating the use of synthalin as a substitute for 
insulin m the treatment of diabetes, but merely suggest that synthalin 
does have an msulin-like action on the respiratory quotient of the diabetic 
patient 

CONCLUSIONS 

Synthalin, wdien given before a meal of dextrose, tends to increase 
the utilization of carbohydrate in the diabetic patient This is indicated 
by an increase in the lespirator}^ quotient during the three hours after a 
meal of dextiose when compared with a similar penod before which 
synthalin w^as not given The mciease in utilization amounts to 10 or 
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15 Gm of carbohydrate during this period One patient failed to show 
such a response 

Some of the patients responded to synthahn therapy by an increase 
in the tolerance for dextrose as measured by the sugar m the blood and 
urine 

Because of accumulating evidence of the toxicity of synthahn for the 
human organism, the data in this paper are presented as suggestions for 
the mechanism of its action and are not to be intei preted as an advoca- 
tion of its clinical use 



THE REDUCING POWER (BLOOD SUGAR) OF 
FILTRATES FROM TliE BLOOD OF 
THE RABBIT 

ERNEST L SCOTT, PhD 
With the Technicai Assistance oi' Louis B Dotti 

NEW -iORK 

Since the advent of insulin, the labbit has been used so much for 
expel iments which involve the deleimination of blood sugai that it 
seemed worth while to collect some of the material which has accumu- 
lated in oui laboratoiy and tieat it m such a manner as to reveal some- 
thing of the behavior of the blood sugar m the normal animal 

The necessity of multiple obseivations seems to be generally accepted 
if one IS to judge fiom the woik appearing currently As soon as 
multiple observations are made nunreious problems arise, such as the 
numbei of obseivations which must be made before conclusions are 
warranted , the best manner of assembling observations so as to present 
the behavior of the series as a whole and at the same time give the 
reader a conciete mental pictuie of the behavior of the group, the con- 
stitution of the group of subjects, the effects of the nutiitional condition 
of the subjects , whether or not the time of year oi the lime of day at 
which the obseivations were made affects the lesults, and so on It is 
the purpose of this paper to present the results of a study of the 
impoitance of some of these factors m woik on the blood sugai of the 
1 abbit 

A NORM FOR THE BLOOD SUGAR OF THE RABBIT 

As the fiist step in the expei imental part of the present study, it is 
sought to establish a norm for the blood sugar of the rabbit with a 
fail degree of precision Shaffer and Haitmann’s^ method for the 
deteimination of sugar was used, with the conversion table of Duggan 
and Scott ' The blood was obtained from a vein of the ear Petro- 
latum was always applied to the ear, and the blood was allowed to drop 
into a small dish containing a small amount of diy sodium oxalate in 
order to prevent coagulation Fiom this dish, the blood was drawn into 
a calibrated pipet from which it was measuied into 7 cc of water, and the 
protein precipitant was then added to the mixtuic It rvas usually 

Submitted for publication, Oct 22, 1928 

"^From the Department of Physiologj’-, Columbia University 

1 Shaffer, P A , and Hartmann, A F J Biol Chem 45 365, 1920-1921 

2 Duggan, W F , and Scott, EL J Biol Chem 67 287 (Jan ) 1926 
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necessar} to use x}lene to induce Inperemia and a freer flow of blood 
The customar} precautions to a\oid excitation of the animal were 
observed 

Variation in the technic of anal} sis was insignificant in companson 
vith the ph}Siologic variations encountered (table 1) 

The usual -value for e (Scott =) was of the order of 12 mg per 
hundred cubic centimeters of blood Follov ing the customai}^ procedure 
of canning e to two significant places when the first digit is less than 
8 and reporting the individual results to the same decimal place, ve 
would be -warranted in reporting the results in milligrams Since the 
indicated precision of the method is milligrams, this is the practice 
which has been follo%ved in the tables In vieiv of the rather large mean 
deAiation among the obsenations and of the deiiation in the deter- 

T VBLE 1 — Results of Multiple Deteiminatioiis of Blood Sugar 


Date 

Animal 

Condition 


Blood Sugar Observed 


e 

11/19/23 

Beet 

Abattoir 

S7 

E9 

S9 

94 

99 

92 

±4 9 


Babbit 

Xormal 

114 

141 

144 

147 

144 

143 





141 

139 

144 

141 

147 


±2.5 

11/22 27 

Babbit 271 

Xormal 

121 

121 

123 

123 

121 

122 

±1.1 


Babbit 202 

Xormal 

12C 

123 

123 

121 

126 

124 

±22 


Babbit C07 

Xormal 

129 

no 

116 

123 


121 

±62 

11/23 27 

Cat 

Ether 

2S3 

2S1 

279 

2S1 

279 







2S1 

256 

289 

281 

±2 5 

11 /2S 27 

Cat 

Ether 

231 

240 

249 

251 


249 

±L9 

11/29 '27 

Babbit S07 

Xormal 

110 

HO 

113 

110 

113 

Ul 

±11 


Mean e 28 


minations per se as indicated in table 1, it is difficult to see just w^hat 
the significance of the final place would be Accordingly, in making 
calculations it has been our usual practice to round off the values to 
even multiples of 5 This greatly facihtates the process of calculation 
and can introduce no interpretative error In cases in -w^hich the result 
-was just midwa}' between two multiples of 5, the nearest e-ven multiple 
was chosen Thus 122 5 and 117 5 would each be treated as 120 

All of the determinations reported in this series w ere made by a single 
anahst In some instances, the observ^ations reported were isolated, 
while in others the}* w^ere the initial observations in the studies on the 
blood sugar curve In the latter case, the specimen of blood which 
w as used in the study was taken just before the administration of insuhn 
or of sugar. V'hen onl} one speamen w^as drawn, the observ^ations were 
not repeated at inteiwals of less than one da} , except in an insignificant 
number of cases When the animals w^ere subjected to further experi- 
mentation they w ere allow^ed at least one w’-eek for recover}'- 

3 Scott, EL J Eiol Chem 73 81 (3ra^ ) 1927 
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The animals were obtained fioiii a dealer in the open market and 
■weie not especially bied foi umfoimity Had this been done there is 
little doubt that gi eater piecision would have resulted (Riddle and 
Honeywell 

We had found by preMOUS experience that labbits could be kept 
in good condition foi long peiiods on a mixed diet of oats, hay and 
cabbage This diet was used thioughout the time in which these data 
were collected The specimen of blood was diawn just after the animals 
weie lemoved fiom the pens where they had fiee access to both food 
and water This method was followed because it was thought that the 
condition more neaily lepiesented the noimal (in the sense of usual) 
condition of the animal than would that which existed after a period of 
inanition Latei m this papei the possible advantage in piecision which 
may be gamed by subjecting the animals to a short peiiod of inanition 
before the specimen of blood is taken will be discussed The data weie 
collected ovei a somewhat pioionged j)eiiod — fiom Decembei, 1924, to 
August, 1927 — as well as fiom a somewhat hetei ogeneous group of lab- 
bits No doubt these facts tend to inciease the vaiiations in the results 
but, at the same time, they make the lesults more repiesentative of 
the general field If vaiiation m different animals and from time to 
time in the same animal is an intrinsic property of the blood sugar level in 
rabbits, this property cannot be made evident nor its causes woiked out 
by establishing such artificial conditions as to eliminate it It is true 
that theie may be times when it is necessary to obtain the gieatest 
possible precision, as in the assay of insulin, but caie must be exercised 
as to the relation of this piecision to the value of generalizations based 
on such experiments 

The series consists of 1,625 obseivations made on 215 rabbits The 
results aie published senatum in table 2, and some of the general prop- 
erties of the senes aic shown m chart 1 There was no selection or 
omission other than that necessaiy to make the series conform to the 
description in the preceding paragraphs 

As the rabbits weie pin chased in the open market, we did not have 
a record of then ages, but appaientl} they weie in eaily sexual maturity 
when they were received With few exceptions they were not used m 
this research longer than three months, although eleven were in use 
for periods vai 5 ung from five to nine months, one for one year and 
nine months and one for two years and three months In none of those 
used for the longer periods was theie any consistent or progressive 
change which could be attributed to advancing age 

As the labbits increased in i\ eight dm mg their stay in the laboratory, 
any possible relationship between body weight and blood sugar level 

4 Riddle, O, and Hone^^\ell HE Am J Phvsiol 67 317 and 337 
1923-1924 
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might be thought to have a bearing on the effect of age Should such 
a relationship exist it would be of interest of itself Consequent!}, the 
correlation coefficient (i) between body weight and blood sugar for a 
series of 1,299 observations was calculated and found to be less than 
0 08 — ceitainly not a significant value 

Those animals which were in use for the longer periods weie allowed 
considerable time for rest and remained in good condition The one 
which was under observation for the longest time died from an unde- 
termined cause during the summer, about two months after last having 
been used 



Fiom the work of Riddle and Honeywell^ on pigeons, it might 
possibly be expected that sex or the phenomenon of repioduction would 
also effect the blood sugar level m labbits So far our experience does 
not indicate that such is the case Consequently, these factors have 
not been considered in the present paper The problem, however, is 
of sufficient importance to warrant a special study, and it is hoped that 
our evidence may be presented in a later paper 

The possible effects of the season of the year or the time of day 
on the blood sugar level will be discussed subsequently On the basis of 
the evidence presented these factors have likewise been disregarded 
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ARCHIVES OF INTERN AL MEDICINE 


As ahead}’’ stated, the senes includes all of the obsenations that 
conformed to the conditions that have been outlined, which were 
obtained dunng the period of study It results from this that observa- 
tions were made on certain animals a great many times, while on the 
other hand there were 101 animals which were not used more than 
twice In a later section argument is presented to show that there is 
probably a characteristic individual blood sugar level From this, the 
possibility arises that the series has been biased by the inclusion of a 
large number of observations on certain animals with either a peculiarly 
high or low individual level 

In order to study this possibility, several subseries were selected from 
the grand series These are presented (series 2 to 12 inclusive) in 
summarized form in table 3 The first of these series (series 2) consists 
of the initial observation on each animal In this series there were 
215 obseiwations made on 215 different animals Series 3, 4 and 5 
consist of the first, second and third observation, respectively, on each 
of the 114 animals on which three or more observations were made 
Series 6 is formed by combining senes 3, 4 and 5 In doing this, a 
series is obtained which consists of 342 observations on 114 animals, 
three observations on each In such a series there could not be any dis- 
tortion due to individual pecuharities All of the series, within the 
limits of expectation (Scott®), appear to be essentially similar in all 
of their properties to the grand series (table 3) It will be noted, 
however, that all of the observations were made early in the laboratory 
expenence of the several animals, and that the means are all slightly 
below that of the grand series The difference is less than Sen and 
hence of itself cannot be considered as significant, but its persistence 
through all of these early observations might lead one to search for 
possible correlated factors There are three apparent possibilities 
1 There may be a progressive rise of the blood sugar level associated 
with the advancing age of the animals In view of what has been said 
this does not seem to be probable 2 It may be that it so happened 
that the animals on which many observations were made had an 
unusually high characteristic blood sugar level 3 It may be that con- 
tinued use m the laboratory is associated with an increased blood sugar 
level 

In the series of 1,625 rabbits, twenty-five or more observations were 
made on each of thirteen animals On each of eleven ammals, twenty- 
five observations were made within a period of six weeks The 
determinations were made on isolated specimens of blood drawn at 
approximately daily intervals, though determinations were usually not 
made on Saturday or Sunday and occasionally not on other days 
The animals were not used for any other purpose during the course of 
these observations The 275 obser\ations on the eleven animals were 
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divided into five series of fifty-fi\e observations each The fust fi\e 
observations on each animal constituted the first senes, the second fixe 
the second series, and so on thiough the group The results aie sum- 
marized m table 3 It xvill he seen that the chaiactenstics for the 275 
observations are essentially similar to those for the grand senes The 
mean for the first senes of fift)-five rabbits (series 7, table 3), how- 
ever, IS unusually low, being only 118, wdiile there is a progressix^e rise 
as the observations are accumulated (series 7 to 11, table 3) 

As all of the animals were m earl}' sexual maturity at the beginning 
of the period of observation, and as this was only of six weeks’ duration 
it hardly seems probable that advancing age could have been a significant 
factor m bringing about this change in the blood sugar level 

Table 3 — Clim actet istics of Scveial Sates of Blood Sngai Obsavatiotis 


2 Series of 

3 Senes of 

4 Senes of 

5 Senes of 

6 Senes of 

7 Senes of 

8 Senes of 

9 Senes of 

10 Senes of 

11 Senes of 

12 Senes of 

13 Senes of 

14 Senes of 

15 Series of 

16 Senes of 


215 initial observations 
114 initial observations 
114 second observations 
114 third observations 

312 first, second and third observations on 114 subjects 

55 observations, being the first 5 observations on 

e icb of 11 subjects 

55 observations, being the second 5 observations on 
each of 11 subjects 

55 observations, being the third 3 observations on 

each of 11 subjects 

55 observ ations, being the fourth 5 observ ations on 
each of 11 subjects 

55 obscrv'ations, being the fifth 5 observations on 

each of 11 subjects 

275 observations, being the first 25 observ ations on 

each of 11 subjects 
459 observations, curve 2 in chart 2 
450 observations, curve 3 in chart 2 

50 observations, curve 2 in chart 3 

50 observations, curve 3 in chart 3 


Blood Sugar 

M E I'M Md* Mot 
121 13 9 0 97 121 120 
121 12 8 120 121 121 
121 14 4 1 35 121 121 

121 14 6 137 121 121 

120 14 1 0 76 120 120 

118 10 4 1 40 117 115 

123 10 5 1 41 123 123 

125 10 2 1 36 125 125 

128 10 7 144 128 12S 
128 10 5 1 41 127 123 

124 111 0 07 124 124 

124 9 2 042 124 124 

123 14 9 0 70 123 123 

131 15 0 2 1 132 ISO 

no 14 0 2 0 107 101 


* Md indicates the median 
t Mo indicates the mode 

Again, the animals m this particular group had a low rathei than 
a high initial mean — 118 as against 121 for all initial means or 120 
for the first three observations for all animals on which three or more 
observations were made (table 3) It would appear from this that 
any bias due to individual characteristic levels xvould have been toward 
the lower rather than the upper limit Apparently, the rise must be 
associated with the continued use m the laboratorx Just wdiat is the 
determining factor is difficult to ascertain So far our xvork does not 
offer an apparent clue In the phenomenon, however, a variable is 
levealed which occasionally may have been overlooked m research xvork 
and which apparently may constitute a source of confusion m interpret- 
ing the results of a research Controls should be so planned as to take 
account of this factoi 

Fiom all that has preceded, it seems fair to assume that the 1,625 
observations, as shoxvn m table 2 and chart I, represent fairl} 
the behax'ior of the blood sugai in rabbits that are fed, as it 
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exists during ordinary laboratory procedures, in which the animals 
are used repeatedly so long as they appear to be in good condition 
When the observations are made early in the laboratory experience 
of the animals, a somewhat lower mean may be expected and a some- 



Chart 2 — Curves for the three series of observations on the blood sugar of 
rabbits, showing the significance and importance of the characteristics of the 
series, as well as the method of comparison of the series by the superposition 
of the frequency curves The insert shows that the 1,625 observations of the 
first series are not sufficient to separate this series from the others (Scott) It 
should be noted that the third series is almost as good because of the greater 
similarity of the material 

what higher one after the rabbits have been subjected to many deteimina- 
tions The precision of the results will be somewhat enhanced if the 
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animals selected for observation in a particular reseaich liaAC been sub- 
jected to approximately similar amounts of experimental use 

From work which is at piesent in progress m our laborator}, it 
appeals that other pioperties of the series than the mean as e or the 



Chart 3 — Curves for groups taken from the series of 1,625 observations to 
illustrate the fact that dissimilar means may occur m supposedly similar subjects 

degree of skewness, may contiibute information which aids distinctl) in 
bunging out the significance of senes which are being studied For this 
leason it does not seem to be out of place to call attention to the 
behavior of some of these piopeities m a few series m which a con- 
sideiable ntimbei of obseivations were made The properties are bettei 
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shown b} graphs than by the calculated values and hence charts 1 to 3 
are introduced (also table 3) 

In the series of 1,625 rabbits, 459 observations were made on an 
unusually unifonn group of twenty-one rabbits within a peiiod of about 
ten weeks The lesults of 450 obserA^ations which were made on a 
rather heterogeneous gioup of 100 rabbits are also included In the 
latter case, the period of observation extended ovei about three yeais 
These two gioups are natuial in the sense that each lesulted in the 
course of a specific research and they are mutually exclusive No 
rabbit that was used in one appears in the other As judged by the 
means alone, the results in the long series and in the two included series 
would have the same significance The thiee series are shown in the 
form of fiequency polygons in chait 2 

From this figure it will be seen that the data of the senes of 459 
rabbits do not cover the geneial field, and apparently it would be 
possible for a series with a limited range to misrepresent the centei 
of the general field as well as the form of distribution, as is illustrated 
by the piesent case We aie not in possession of a series of this length 
in which such a misrepresentation has occurred , in chart 3, however, 
are shown frequency polygons for two senes, each of fifty observations, 
which illustrate this possibility The mean of each of these series differs 
from that of the senes of 1,625 observations and from that of the other 
senes by a significant amount as judged by the criteria of Scott,® which 
are considerabl)'- more seveie than those in general use All of the 
obseivations in these senes aie included in the series of 1,625 observa- 
tions, and each is an integial senes in which the onginal data were col- 
lected foi a specific purpose othei than that for which they are here used 
As generalizations cannot legitimately be extended to populations othei 
than that from which the data weie drawn, it should be evident that 
too high a pnce may be paid for great precision This is especially so 
if the precision is obtained by so close a selection of the subjects that they 
do not represent the field to which it is desired to extend the geneializa- 
tions The result may be true and, granted access to similar highh 
selected matenal, it may have a high degree of i epeatabihty, but it mav 
have such a limited significance that it is of little general value 

SEASONAL VARIATIONS 

The question of seasonal variations is continually lecurring (Riddle 
and Honeywell^) and if such vaiiations exist m fact, it is a question 
of consideiable importance for, aside from its intrinsic interest, it would 
be possible to compaie only such series as were obtained at a corre- 
sponding time of the year oi those in which the observations A\ere dis- 
tributed evenl}’' throughout the year The determinations on the series 
of 1,625 labbits just considered weie made at the convenience of the 
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obseivers and without regard to the reason The lesult is that the 
oliservations were distributed somewhat roughl\, hut still distributed 
through the entire year To these 1,625 ohser\ations e\ere adderl 222 
comparable obsereations which w'ere obtained be other w'orkers m the 
laboratory All of this material was then grouped in two month 
intervals in the tw'^o combinations wdneh are possible ( chart 4 ) 

As IS to be expected, theie is some variation from period to period, 
but It IS by far too slight w'hen measuicd b} cm to wan ant the 
conclusion that it is related to seasonal conditions The nature of the 
variations and then interrelationships m the two groupings, 
when corresponding periods of the jear aie comjiared, would 
bear out this conclusion The obsei vations, however, w’^ere not made 
for this specific purpose, and perhaps it may be best to lea\e the question 
open for the time being, remembering only that as it stands our evidence 
cannot be intei preted as indicating seasonal variation in the sugar of the 
blood of rabbits which are confined in the laboratory 
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Chart 4 — Seasonal variation of the blood sugar of the rabbit, 1847 obser- 
vations distributed as indicated in the chart 

DIURNAL VARIATION 

Diurnal variation is also an important consideiation in practical 
experimental woik as well as of considerable interest in itself Can it 
be presumed that, other things being equal, the blood sugar level is 
independent of the time of day^ This problem has been attacked b) 
\ arious authors, notably by Eadie, ’ and usually answ^ered in the affirma- 
tive It was eaily noted b> Macleod later by Eadie as well as by 
others, that wdien specimens of blood aie taken at short inter\als, there 
IS frequently a marked ^allatlon in the sugai content from specimen to 
specimen 

Since time pi ogresses as the obser\ations are accumulated, a pro- 
gressive change in the blood sugar level may be and often has been 
interpreted as a diurnal phenomenon Such a progressne change, how- 
e^er, might just as w^ell be associated with the effect on the animal of 

5 Eadie, G S Am J Phjsiol 63 513 (Feb) 1923 

6 Macleod, J J R Am J Ph>sioI 38 415, 1915 













Table 4 — Results foi Deteimmatton of Diurnal Vauation* 


Characteristics 


Body Blood Sugar of the “Individual” 

Weight * ^ Series 

* . 9 10 11 12 1 2 3 4 5 


Babbit 

Sex 

t ^ 

Initial 

Final 

9 

AM . 

10 

AM 

11 

AM 

12 

M 

1 

FM 

2 

PM 

3 

PM 

4 

PM 

6 r 

PM 

M 

6 

®M 

270 

M 

2 36 

223 

110 

137 

130 

126 

113 

123 

141 

129 

131 







134 

121 

144 

139 

145 

129 

129 

no 

131 








155 

134 

118 

131 

121 

113 

129 

126 

136 

129 

113 

22 

271 

F 

3 03 

366 

116 

121 

116 

113 

112 

no 

109 

130 

no 








136 

107 

139 

136 

129 

121 

123 

141 

118 








139 

134 

121 

123 

139 

126 

126 

121 

131 

124 

10 5 

20 

273 

M 

2 59 

2 70 

149 

118 

119 

118 

97 

94 

123 

122 

127 








121 

117 

no 

126 

129 

123 

131 

126 

121 








136 

126 

123 

118 

126 

121 

121 

129 

131 

122 

10 6 

20 

275 

F 

2 97 

360 

140 

122 

130 

131 

122 

99 

123 

131 

140 








118 

127 

113 

132 

120 

121 

129 

129 

118 








129 

123 

120 

113 

121 

121 

129 

136 

121 

124 

87 

17 

277 

F 

235 

260 

129 

142 

126 

113 

118 

121 

no 

136 

131 








121 

121 

136 

139 

118 

123 

118 

121 

123 

125 

90 

19 

279 

F 

2 30 

2 24 

121 

121 

121 

134 

126 

ns 

118 

116 

130 








123 

129 

101 

106 

125 

126 

129 

129 

139 

123 

85 

20 

281 

M 

1 85 

2 31 

110 

131 

104 

130 

121 

141 

126 

139 

123 








107 

131 

129 

123 

136 

126 

134 

136 

121 








126 

123 

129 

129 

134 

129 

131 

139 

123 

127 

91 

18 

286 

M 

2 44 

254 

116 

121 

107 

118 

113 

130 

129 

126 

141 








113 

118 

n3 

118 

123 

126 

132 

121 

134 








116 

123 

121 

123 

131 

118 

123 

136 

118 

123 

78 

15 

288 

F 

2 42 

206 

123 

136 

121 

109 

106 

117 

123 

121 

113 








110 

123 

107 

116 

126 

121 

123 

126 

113 








113 

121 

121 

lie 

118 

139 

113 

121 

129 

119 

79 

15 

292 

M 

2 15 

1 80 

102 

113 

134 

118 

113 

129 

113 

141 

131 








126 

122 

134 

132 

121 

105 

118 

139 

118 

123 

113 

27 

291 

M 

215 

2 61 

124 

105 

140 

120 

118 

no 

136 

124 

127 








131 

113 

129 

135 

134 

141 

129 

113 

120 








121 

131 

139 

131 

118 

131 

123 

129 

126 

120 

90 

17 

295 

M 

2 15 

1 23 

121 

121 

117 

136 

118 

121 

118 

129 

134 

124 

72 

24 

296 

M 

267 

2 56 

118 

126 

131 

135 

no 

123 

118 

126 

132 








131 

127 

126 

126 

131 

123 

118 

131 

127 








118 

118 

123 

129 

120 

123 

113 

126 

131 

125 

56 

11 

297 

F 

2 37 

2 21 

97 

106 

123 

136 

131 

118 

123 

117 

131 








125 

118 

116 

118 

129 

123 

no 

125 

133 

121 

98 

23 

298 

JI 

2 36 

262 

106 

130 

131 

129 

129 

129 

121 

102 

129 








134 

110 

123 

134 

119 

139 

116 

no 

129 








131 

121 

113 

121 

129 

118 

139 

118 

134 

124 

99 

19 

299 

M 

2 36 

234 

117 

106 

113 

107 

117 

118 

115 

113 

123 








134 

113 

123 

131 

120 

129 

113 

116 

123 








129 

121 

134 

no 

131 

131 

123 

126 

129 

121 

81 

16 

300 

M 

2 20 

1 60 

121 

119 

107 

129 

124 

118 

114 

107 

121 








103 

no 

120 

118 

121 

129 

123 

118 

123 








126 

118 

118 

121 

126 

136 

118 

118 

121 

120 

65 

12 

301 

M 

1 66 

153 

139 

139 

124 

129 

113 

134 

118 

132 

116 

127 

73 

24 

302 

M 

2 55 

2 45 

97 

118 

121 

121 

129 

131 

131 

139 

118 



24 





129 

131 

130 

126 

134 

121 

136 

139 

121 

127 

10 2 

203 

H 

2 10 

225 

113 

129 

123 

130 

118 

131 

123 

126 

129 



1 4 





123 

121 

126 

ns 

129 

139 

126 

123 

121 

125 

59 

205 

? 

2 37 

2 35 

131 

126 

123 

131 

131 

121 

136 

131 

134 

129 

50 

1 7 

Ohanetenstics of Senes bv Hours 












M 



123 

123 

123 

125 

124 

124 

123 

124 

125 





6 



12 

8 

10 

8 

10 

9 

6 

10 

5 








1 7 

12 

14 

12 12 13 09 14 

07 





In the table there were 459 observations, M = 124 e = 9 1 ew = 4 2 
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drawing the specimens the hemorrhage ghcemia of the older authors 
(Scott This phenomenon is illustrated m chart 6 and table 5 

To determine whether or not there is a diurnal ^arlatlon and at 
the same time to avoid anj possible effects from taking consecutite 
specimens, the following expeiiment was dcMsed Fifty-one determina- 
tions were made at each hour of the working da}', that is, from 9 00 
a m to 5 00 p m , inclusive An equal number of determinations ^^as 
made on a given animal at each hour The rabbits were fed ad lib 
to one hour before the specimens of blood were drawn Water was 
allowed at all times Only one specimen was drawn from any particular 
1 abbit on a given day The results are shown in table 4 

From this table it appears that when the othei conditions are 
maintained in as constant a condition as is piactical, the blood sugai 


Table 5 — Obscivatwiis on Dtutnal Vanations ai Txoo Horn Intcn'ah 

foi Tzvcnty-Foui Hours 


Blood Sugar Characteristics 

, ' > of Senes bj 

4. M PM IndKiduals 

! A ^ ^ ^ ^ » 

Rabbit 13579 11 13579 11 M ee,. 


6S 


147 

138 

160 

170 

151 

160 

122 

136 

157 

156 

157 

141 

150 

13 3 

38 

74 


125 

154 

156 

125 

140 

151 

137 

125 

148 

150 

149 

147 

142 

116 

34 

79 


122 

132 

141 

112 

142 

140 

143 

142 

151 

14S 

142 

134 

137 

11 0 

32 

SO 


129 

120 

117 

116 

138 

140 

122 

135 

140 

130 

136 

133 

130 

89 

20 

82 


12-) 

13S 

128 

122 

144 

130 

145 

141 

124 

113 

114 

137 

130 

110 

32 

S3 


154 

154 

150 

140 

135 

140 

138 

157 

156 

159 

141 

154 

149 

83 

24 

S4 


155 

154 

148 

133 

125 

138 

128 

138 

140 

130 

128 

102 

140 

119 

34 

85 


152 

138 

130 

127 

125 

125 

134 

135 

134 

140 

120 

129 

132 

59 

1 7 

Characterii 

■tics o! Senes bj Hours 













M 

137 

141 

141 

131 

13S 

141 

134 

139 

144 

141 

137 

142 





e 

14 

12 

15 

15 

9 

11 

8 

9 

11 

15 

14 

11 






4 8 

43 

52 

54 

32 

40 

27 

32 

4 0 

5 4 

4 8 

39 





level m the rabbit is independent of the time of day, at least during the 
ordinary working hours 

Some years ago a shoit series of obsen'ations was made at two 
hour intervals throughout the twenty-four hours The senes is not 
sufficiently long to warrant conclusions, but it does not seem probable 
that the opportunity of making a really adequate series will occur soon 
The data are theiefoie offered m table 5 at their face value and with- 
out comment except that they seem to be in harmony with the conclusion 
stated These animals had access to food and water throughout the 
period of observation 

THE CONSTITUTION OP THE GROUP OF SUBJECTS 
Animals have been found to vary among themselves in e\er} 
character which has been studied from the point of i lew of such varia- 


7 Scott, EL Am J Plnsiol 34 271, 1914 
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tions There is no a puon leason to suppose that the characteristic 
blood sugar level is an exception to this rule If the blood sugar level 
IS not an exception, it would follow that a group of observations made 
on a single animal could not have as great a general significance as would 
the same number of observations each of which was made on a difterent 
animal On the other hand, it might be expected that the series made 
on one animal would have the higher precision 

This was tested in various ways Aj^proximately 100 obseivations 
were made on each of three labbits from about Dec 1, 1924, to Apiil 1, 
1925, not moie than one observation being made on any one day These 
three series should be compared with another senes (chart 5) , they 
weie made at about the same time, and the number of observations and 
subjects were equal 



Chart 5 — A study of the blood sugar of rabbits The three senes of many 
observations on one animal (A, B and C) should be compared with one series (D) 
of one observation on each of many animals A, 117 observation on rabbit 84, 
made between Nov 21, 1923, and April 1, 1924, B, 112 observations on rab- 
bit 88, made between November 26 and April 1 of the same years, C, 92 obser- 
vations on rabbit 94, made between December 7 and April 1 of the same years , 
D, 104 observations on 104 subjects made between November, 1923, and November, 
1926 These observations were selected in such a manner that their value was 
without influence on the selection 

It IS seen that a slight gam in piecision is shown by the senes which' 
were derived from a single animal, but the gam is haidly of sufficient 
magnitude to be of practical value m drawing conclusions, cm, for the 
“individual” series, being 1 2, 1 4 and 1 1 respectively, while for the 
heterogeneous series it was 1 6 Scott ^ gave 13 2 as the mean value of 
€ for ten series of this number of observations made on heterogeneous 
groups of animals from which the mean value of em would be 1 3 
The mean cm for the foregoing three series is 1 2 
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In the first senes studied in the section on diurnal \c'iriation (talile 41 
tr\ ent} -se\ cn obser^atlons ^\ere made on each of twehe animals Foi 
the twehe animals the mean \alue for e is 8 8 while that for the 
nine series of fift\-one obsereations is 8 6 Stricth interpreted tin*' 
would mean that there was actualh a greater \ariation among the 
specimens taken wholh from a single animal than there was in the 
specimens taken from the mixed groups The difference howe%er 1 = 
too slight to justif} such a conclusion In ain case the data do not 
encourage one to expect an} great gain in precision h\ the use of a single 
animal 

The means for the three rabbits studied in chart 5 do not differ 
significantly from those of an equal number of obsenations on a group of 
rabbits and so gi\e no indications of the existence of a characteristic blood 
sugar level Those shown in table 4, howeeer are not so consistent 
In this table the means of the mixed groups (\ertical columns) arc 
remarkably similar wdnle those for the indnidual animals (horizontal 
lines) show^ considerable eanation The same condition is shown in 
another group in table 5 The number of obser\ations made as shown 
in tables 4 and 5, is not so great as one w'ould wnsh, but taken altogethei 
the data appear to indicate that there are characteristic indnidual blood 
sugar le\els wdnch differ sufficiently to rendei data derued from differ- 
ent animals uncomparable and so Mtiate conclusions based on such 
material unless the effect of the experimental condition is considerable 

Since a marked gam 111 precision cannot be expected b\ confining the 
obsertations to a single animal it would seem to be the better practice 
to include as man} animals in the series as possible The ideal would be 
to have the number of animals and obser\ations equal (Pierce and 
Scott ®) 

CONTROL SCRIES 

All experiments should be accompanied b} control obser\ations 
wdnch should be so made as to show'^ the presumable behavior of the 
animal under the conditions w Inch ha\ e been chosen as the standard and 
with which the response to the experimental conditions is to be com- 
pared In studies on the blood sugar cur\e the usual practice is to 
make an initial obser\ation just before the administration of the sub- 
stance — insulin, dextrose, or wdiat not — the effect of wdnch is being 
studied Is the initial obser\ation of itself an adequate control’ On 
it be pi esumed that the second third or fourth specimen w ould ha\ e been 
the same as the first had insulin for instance not been injected Is it 
possible that the process of taking specimens or siniph of the lapse of 
time might affect the result^ Such an effect might be brought about 

8 Pierce, H F and Scott E L Variation in Reducing Power (Sugar) of 
Normal Human Blood Arch Int Med 41 586 (April) 1928 
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thiough excitement, discomfort or loss of blood to say nothing of less 
obvious factors (Scott ") If such an effect exists, the apparent reaction 
to the factor being studied might be masked or exaggerated depending 
on whether the two factois act in the same or opposite directions 

Fifty observations weie made in ordei to test this hypothesis In 
those observations the amount of 09 per cent of sodium chloride solu- 
tion, which was used to carry 1 unit of insulin per kilogram of body 
weight but which, in this study, did not contain insulin, was injected 
into the animals Observations were then made three-quarters, one and 
a half, two and a half and three and a half houis after the injection The 
results are shown in chart 6 

It will be noticed that theie is a slight progressive rise as the num- 
ber of specimens is inci eased This rise was noted previously by Scott 
and Ford ® for rabbits, and for dogs by Hastings and Scott It is 
tiue that the nse is not great and that possibly it may be neglected for 



Chart 6 — Experiment to show the effect of taking successive specimens of 
blood observed on the blood sugar 

much work, but it should be noted that in every case it is significant as 
judged by Scott’s ^ critena, and it may be sufficient to explain the 
occasional apparent lack of effect of exceptionally small doses of insulin 
In certain types of experiments it may be desirable to make the con- 
trol observations at a time somewhat removed from the observations 
made under the experimental conditions Is such a practice justifiable^ 
It has been shown that the variations exhibited by one animal may be as 
great as are those shown in a group of animals (tables 4 and 6) It 
follows from this that the blood sugar level of one animal cannot be con- 
sidered to be constant from day to day It has also been shown (table 5 
and chart 6 , Macleod,® Eadie “) that similar variations occur from hour 
to hour In table 6 are shown the results in three groups of series In 
the first two groups three observations were made on each rabbit of a 

9 Scott, E L , and Ford, T H Am J Physiol 63 520 (Feb ) 1923 
10 Hastings, A B , and Scott, E L Proc Soc Exper Biol & Med 
17 120, 1920 
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heterogeneous lot of fifty In the thud group si\ obsenattons were 
made on each animal of a similar lot The obsei\ations weie then 
aiianged m series, one obseivation on each animal appearing in each 
senes The fiist senes for each lot eontcuned the earliest obseivation 


Table 6 — Ohscivations on tlu Posubiltlv of Individual Chai aelendtes in 

Diffctcnf Animals 



A 




B 






C 





Blood Sugar ' 

A. 


Blood Sugar 

/ 



Blood Sugar 



Rabbit 

1 

2 

3 

Rabbit 

f 

1 

2 

3 

Rabbit 

t 

1 

2 

3 

4 

1 

6 

14 

138 

128 

151 

71 

115 

121 

no 

118 

09 

120 

115 

ISO 

102 

148 

10 

134 

131 

142 

75 

122 

130 

131 

121 

142 

138 

115 

148 

145 

143 

17 

116 

119 

130 

77 

120 

113 

118 

124 

123 

120 

117 

134 

97 

120 

27 

112 

122 

122 

148 

99 

138 

105 

125 

143 

120 

113 

141 

134 

120 

25 

112 

112 

122 

149 

112 

114 

125 

120 

141 

108 

170 

141 

148 

143 

20 

116 

105 

lie 

150 

105 

128 

130 

127 

134 

115 

132 

119 

138 

134 

28 

-132 

145 

128 

151 

99 

119 

130 

134 

123 

129 

104 

129 

129 

129 

33 

128 

145 

123 

152 

102 

135 

132 

130 

-ICO 

120 

no 

134 

157 

120 

M 

148 

122 

128 

153 

130 

114 

132 

137 

145 

101 

no 

117 

138 

145 

33 

132 

112 

122 

154 

125 

135 

119 

138 

123 

129 

117 

93 

148 

143 

37 

128 

119 

119 

158 

134 

12!) 

139 

14 4 

99 

120 

132 

138 

117 

117 

3!) 

110 

108 

125 

101 

130 

118 

no 

145 

134 

132 

123 

no 

138 

143 

44 

138 

122 

122 

1G2 

149 

105 

lOS 

146 

115 

123 

129 

132 

125 

129 

70 

no 

no 

no 

103 

-131 

147 

113 

147 

115 

182 

123 

132 

120 

134 

72 

124 

144 

108 

105 

121 

134 

113 

148 

104 

141 

no 

143 

141 

132 

74 

105 

no 

90 

100 

144 

130 

120 

149 

117 

119 

129 

129 

123 

132 

77 

122 

142 

105 

107 

131 

107 

105 

150 

no 

142 

134 

129 

134 

123 

70 

no 

108 

128 

168 

129 

118 

118 

151 

104 

123 

141 

145 

141 

123 

81 

145 

160 

170 

109 

134 

118 

128 

152 

107 

148 

135 

132 

120 

113 

82 

133 

114 

118 

170 

126 

130 

129 

153 

134 

119 

no 

145 

145 

135 

83 

126 

132 

122 

172 

126 

131 

102 

158 

139 

121 

134 

121 

121 

123 

84 

132 

145 

132 

174 

no 

118 

105 

102 

149 

105 

108 

121 

118 

123 

85 

161 

147 

142 

176 

99 

113 

131 

103 

147 

113 

121 

134 

120 

136 

80 

142 

140 

115 

177 

123 

121 

134 

ICC 

144 

130 

120 

118 

136 

129 

04 

125 

114 

no 

178 

134 

121 

123 

1C7 

107 

105 

129 

no 

no 

123 

116 

180 

168 

100 

179 

no 

121 

134 

108 

129 

113 

134 

118 

128 

120 

117 

138 

160 

170 

180 

123 

129 

118 

182 

105 

no 

113 

116 

129 

107 

118 

128 

150 

107 

182 

105 

no 

123 

185 

121 

107 

131 

130 

131 

no 

110 

154 

130 

no 

183 

no 

105 

136 

194 

116 

131 

121 

no 

94 

no 

120 

138 

no 

112 

185 

131 

121 

107 

207 

120 

107 

105 

118 

118 

136 

121 

125 

151 

151 

189 

113 

118 

107 

218 

139 

105 

105 

94 

99 

90 

124 

no 

125 

116 

190 

121 

111 

107 

221 

134 

105 

121 

94 

97 

105 

125 

112 

125 

122 

191 

118 

120 

107 

223 

no 

118 

97 

105 

94 

97 

120 

128 

112 

128 

193 

107 

130 

no 

270 

no 

137 

130 

120 

113 

123 

127 

114 

no 

119 

200 

99 

107 

no 

271 

115 

121 

no 

113 

112 

no 

128 

lOS 

128 

125 

201 

121 

110 

94 

273 

118 

119 

118 

97 

94 

123 

130 

105 

no 

122 

202 

118 

105 

131 

275 

122 

130 

131 

122 

99 

123 

132 

142 

160 

128 

204 

105 

113 

105 

277 

120 

113 

118 

121 

no 

136 

134 

no 

119 

130 

207 

120 

107 

105 

279 

129 

134 

120 

118 

118 

no 

135 

119 

no 

128 

208 

113 

97 

89 

281 

130 

121 

141 

126 

139 

123 

130 

157 

115 

105 

209 

126 

99 

134 

280 

118 

113 

130 

129 

126 

141 

137 

142 

90 

128 

214 

99 

99 

116 

288 

116 

117 

123 

121 

113 

123 

138 

no 

125 

00 

217 

123 

120 

102 

290 

129 

130 

134 

126 

no 

119 

130 

119 

130 

114 

218 

139 

105 

105 

292 

129 

113 

141 

131 

102 

113 

141 

125 

128 

130 

221 

134 

105 

121 

294 

no 

136 

124 

127 

124 

105 

142 

94 

no 

99 

223 

no 

118 

97 

295 

118 

129 

134 

121 

121 

117 

144 

94 

122 

128 

228 

no 

no 

99 

290 

118 

126 

132 

118 

120 

131 

145 

130 

128 

119 

229 

113 

105 

102 

297 

117 

131 

97 

106 

123 

130 

146 

no 

119 

125 

230 

131 

116 

no 

298 

102 

129 

100 

130 

131 

129 

147 

110 

128 

119 

270 

no 

137 

130 

299 

123 

117 

100 

113 

107 

117 

M 

125 

128 

126 


120 

124 

127 


124 

123 

127 

124 

123 

123 

6 

15 

10 

17 


12 

16 

17 


14 

12 

12 

13 

16 

12 


2 1 

22 

24 


1 8 

2 2 

24 


20 

1 ' 

7 1 8 

1 8 

23 

1 8 


on the lespective rabbits, the second senes, the next consecutive obser- 
vation, and so on through the group There was no further selection of 
the obseivations These gioups aie presented to show that while there 
may be considerable variation in the blood sugar level of the indnidual 
animals from day to day, the mean level of the group as a whole is 
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relatively stable (Pieice and Scott®) Fiom tins it would appear that 
one may presume the mean blood sugai level of an adequate series of 
observations made on a group of animals to be appi oximately constant 
from day to day and that, undei these circumstances, the experimental 
observations need not follow the control obseivations innnediately 
It sometimes even occurs that it is undesirable or impossible to use 
the same animals for the contiol and experimental obsen^ations 
Figure 10 in the paper by Scott® illustrated the lange within which the 
means of series of various lengths may be expected to fall When the 
effect of the experimental conditions is sufficient to throw the results 
widely outside of this lange, conclusions may be drawn from such con- 
trols with the indicated degree of precision and without ohvious objec- 
tion It should be evident, however, that the experimental effect must 
be of considerable magnitude and that the conclusions must be dis- 
tinctl)'’ guarded in their quantitatn'^e aspects 
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Chart 7 — Two series to show the effect of a short period of inanition on the 
level and variability of the blood sugar of rabbits 1, the initials of series A, 
circles and after inanition , dots , 2, the initials of series B , circles, and after 
inanition , dots Circles, rabbits fed ad lib , dots, blood sugar after eighteen 
hours inanition Total length of bars Ae, shaded portion ±6'm 


INANITION 

Theie is apparently a widely accepted agieement among workers 
in this field that a short peiiod of inanition just previous to the drawing 
of the speciman of blood markedly increases the piecision of the estima- 
tions on the blood sugar We sought to test this by the following 
exjieiiments In the first theie were two groups of fifty observations 
each In each group there were two series, in the fiist of which the 
animals received their accustomed food ad hb to the time of taking the 
specimen of blood, in the second senes they were subjected to a 
period of eighteen hours inanition before the specimen was drawn 
The animals in one of these gioups show rather low values in the 
series m which they were fed and this possibly may be related to the fact 
that there was some infection in this group of animals because of wounds 
which they had inflicted on one another in fighting, though the change 
IS contrar} in direction to that usually associated with infection While 
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this undoubtedly ma} aftect the ^alue of the ‘series as a stud\ of the 
eliects of inanition on the level of the sugar it is not ob\ions that it 
would affect the vanabiht}, and so the series is included Fiom chart 7 
it wull be seen that inanition in both groups is accompanied In a distinct 
diop in the blood sugai le\el and that this drop is accomiiamed in each 
case b} an increased precision as indicated In i 

In another experiment w^e sought to study the progressne eftect of 
inanition over a period of tw'enty-four hours These obser^atlons were 
made a team of obseneis wmiking in eight hour shifts and the 
lesults are consequent!) open to some objection, owung to the \ariable 
peisonal equations of the ohseivers The eftect of taking suecessne 
specimens is also a factoi that should probabl) be considered All in 
all the design of the experiment is not of the best but as theie is little 


Table 7 — Thd Pi ogi csstvc Effect of Inanition on Blood Siigai Dunnq 

Tzventv-roni Homs 







Elapsed lime in Hours 





liabbit 

0 

2 

4 

0 

8 

10 

12 

14 

10 

IS 

20 

22 

24' 

204 

138 

124 

140 

121 

110 

134 

lOS 

114 

141 

lol 

100 

114 

117 

203 

120 

137 

113 

129 

113 

117 

115 

105 

104 

112 

112 

112 

112 

274 

132 

140 

134 

129 

134 

115 

109 

107 

no 

131 

113 

128 

105 

2GS 

141 

142 

110 

112 

112 

108 

no 

120 

130 

128 

114 

no 

114 

279 

140 

127 

102 

124 

112 

103 

no 

124 

121 

134 

119 

121 

no 

2^0 

ns 

119 

120 

100 

92 

105 

111 

119 

124 

117 

no 

118 

122 

2S1 

132 

128 

128 

133 

128 

128 

124 

118 

117 

117 

113 

132 

114 

282 

108 

144 

141 

134 

122 

128 

118 

120 

114 

no 

114 

112 

114 

2-S 

ICS 

142 

142 

131 

131 

125 

129 

122 

125 

119 

■j2i> 

125 

127 

2v4 

132 

130 

122 

114 

159 

no 

117 

la. 

112 

114 

120 

117 

108 

2S5 

135 

142 

122 

138 

135 

122 

119 

117 

122 

118 

125 

118 

120 

2sG 

13:? 

122 

131 

114 

119 

114 

113 

115 

109 

lOS 

107 

lOS 
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138 
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128 

124 

12? 

118 

no 

ns 

120 

120 

115 

118 

115 

e 

1(1 

9 

14 

10 

17 

10 

0 

() 

11 

9 

g 

7 

(> 


4 3 

20 

4 1 

30 

4 8 

2S 

1 7 

1 0 

3 1 

2 5 

1 0 

21 

1 8 


probabilit) that the series wall be earned to gi eater length m this foim 
the data aie given for what they aie w^oith In a general wa} the) ma\ 
be taken to indicate that the maximum piecision is attained after about 
ten hours’ inanition and that wdien once leached this piecision is not 
much changed dining the following fouiteen hours Appaientl), the 
blood sugar le\el follows about the same time relations reaching its 
minimum at about ten hours, and is approximate!) constant fiom then 
to the end of the peiiod studied 

Thus, the piactice of subjecting the animals to a brief period of 
inanition with the pin pose of inci easing the piecision of the results 
seems to be justified in the case of rabbits Some unpublished work in 
oiu laboiatory indicates just as conclusneh that with cats and rats 
the revel se condition holds the greatest piecision in these species being 
obtained wuth animals that haie been fed When the animals are suh- 
lected to inanition, it must be borne in mind that the obsenations were 
made under a special condition wdnch cannot be called normal (usual) 
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and that conclusions based on such observations will have a correspond- 
ingly limited application There is no evident reason why the practice 
of subjecting the animals to a short period of inanition should not be 
followed in the assay of insulin Whether or not such a practice is 
permissible in other studies will depend on the object of the particular 
research In any case the legitimac)'- of the practice is open to question 
and when used its justification is necessarily an integral part of the 
research 

SUMMARY 

1 For a series of 1,625 observations, the mean reducing power 
(blood sugar) of rabbits that had been fed was found to be 123 mg per 
hundred cubic centimeters of blood with a mean deviation of 13 Some 
of the conditions which are or may be correlated with deviations in the 
reducing power of the blood and which possibly may lead to erroneous 
conclusions are discussed and illustrated 

2 The blood sugar seems to be independent of age, weight or sex, 
within the precision of the methods used 

3 It IS probable that the reducing power of the blood of the rabbit 
IS independent of the time of yeai provided that the animals are housed 
in the laboratory 

4 It also seems to be independent of the time of day 

5 It may be afifected by the long continued use of the animals for 
such studies 

6 The use of many subjects in a research makes the general applica- 
tion of the conclusions based on the results more probable On the 
other hand, many observations made on a single subject do not have 
a significantly greater piecision and the research loses something of its 
general significance 

7 Some of the principles which determine a significant contiol 
were studied and methods for establishing such a control are discussed 

8 A short period of inanition causes a slight drop in the reducing 
power of the blood of the rabbit and rat The variability of the results 
is decreased somewhat in the rabbit, while it is inci eased m the rat and 
cat 



PANCREATIC FUNCTION 

III THE PANCREATIC SECRETION IN DISTURBED G \STRIC SECRETION^ 
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Since the investigations of Pavlov and his associates ^ in 1878, the 
mechanism of the pancreatic secretion has become of general interest 
Pavlov reported that the pancreatic secretion is promoted by the entrance 
of the acid chyme into the duodenum, and not by the presence of that 
in the stomach This stimulation of the secretion depends largely on the 
acidity of the chyme, for if a solution of 0 4 pei cent hydrochloric acid 
IS introduced into the stomach and rapidly discharged into the duodenum, 
a copious secietion of the pancreatic juice follows 

Popielski ^ and, independently, Wertheimer and Lepage ® proved that 
even when all the secretoiy nerves of the pancreas are severed, the pan- 
creatic secretion is promoted by acid Popielski attributed this to a reflex, 
the center of which lies in the pancreas 

The classic experiments of Bayliss and Starling showed in a 
sti iking way that in the action of dilute acid on the duodenal mucosa a 
substance, secretin, is foimed, which can accelerate the flow of pancreatic 
juice even when all nervous connections with the secretory gland are 
severed Starling fuither pointed out that, whereas in the mouth the 
reaction, which must be rapid, is entirely nervous, in the stomach the 
neivous mechanism is combined with the more primitive chemical 
mechanism The nervous secretion preponderates in this viscus He 
added further that in regaid to the pancreas, the primitive chemical 

Submitted for publication, Oct 31, 1928 

■' From the medical clinic of Prof R Inada, Imperial University of Tokyo 

1 Afanassiew, M , and Pawlow, J Beitrage zur Physiologie des Pancreas, 
Arch f d ges Physiol 16 173, 1878 Pawlow, J Weitere Beitrage zur Physio- 
logie der Bauchspeiclieldruse, ibid 17 555, 1878 

2 Popielski, L B Ueber die sekretionshemmenden Nerven des Pankreas, 
Dissertation, 1896, cited by Bajdina 

3 Wertheimer, E , and Lepage, L Secretion pancreatique et atropine, 
Comp rend Soc de biol , 1901, p 759 

4 Bajdiss, W M , and Starling, E H The Mechanism of Pancreatic Secre- 
tion, J Physiol 28 325, 1902 
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mechanism, namely, the formation of hoimones and then circulation 
through the blood to the reactive tissue, suffices to account for the whole 
activity of the gland, and it is doubtful whethei the nervous system pla3fs 
any part m this activity 

Pavlov and Fleig,® as well as Cohnheim and Klee,® pioved that soap 
also IS a vigorous stimulator of the flow of pancreatic juice Bayhna " 
insisted that two mechanisms of pancreatic secretion exist, namely, 
chemical and nervous Cohnheim and Klee proved that the administia- 
tion of food itself stimulates the flow of pancreatic juice and bile similarly 
to the nervous stimulation of the stomach 

The estimation of the enzymatic activity opened a new era In 1889, 
Boas asserted that the panel eatic juice is often detected m the stomach 
Boldyreff ® found that when oil is intioduced into the stomach of dogs, 
a copious amount of the duodenal contents dashes into the stomach 
In 86 per cent of his cases, Volhaid® detected tiypsin m the fluid 
lemoved fiom the stomach thirty minutes after the introduction of 200 cc 
of oil, while Fauhel was able to detect it m but 70 6 pei cent 

Ehrmann and Lederer “ collected the contents of the stomach foity- 
five minutes aftei the introduction of olive oil thiough a tube into the 
stomach and estimated the tryptic activity of the fluid sepaiated undei 
the oil They found that m cases of achylia gastiica or m achlorhydiia 
the tryptic Activity is not only not diminished but m some cases is rather 
increased m comparison with that found m cases showing noi mal acidity 

Flank and Schittenhelm also found trypsin m the leguigitation 
fluids in cases of achylia gastnea aftei oil was introduced 

Okada,^® using the duodenal tube and estimating the tryjitic activity 
of the duodenal return with the casein method, definitely pioved foi the 

5 Fleig, C Arch gen de med 1 1473, 1903 

6 Cohnheim, O , and Klee, P Zur Physiologic des Pankreas, Ztschr f 
physiol Chem 78 464, 1912 

7 Bayhna, A Normale Pankreassekretion als Sjnthese von nervosen und 
humoralen Einfluss, Arch f d ges Physiol 142 531, 1911 

8 Boldyreff, W Der Uebertritt des naturlichen Gemisches aus Pankreassaft, 
Darmsaft und Galle in den Magen, Arch f d ges Ph3Siol 121 13, 1907 

9 Volhard, F Ueber die Untersuchung des Pankreassaftes beim Menschen 
und eine Methode der quantitativen Tr 3 'psinbestimmung, Munchen med Wchnschr 
54 403, 1907 

10 Faubel, O Untersuchungen uber den menschhehen Bauchspeichel und das 
Fermentgesetzdes Tr 3 ^psins, Hofm Beitr 10 35, 1907 

11 Ehrmann, R, and Lederer, R Ueber das Verhalten des Pankreas bei 
Ach 3 dia und Anaziditat des Magens, Deutsche med Wchnschr 35 879, 1909 

12 Frank, F, and Schittenhelm, A Vorkommen und Nachweis von Tr 3 "psin 
und Erepsin im Magen-Darmkanal, Ztschr f exper Path u Therap 8 237, 1911 

13 Okada, S Ueber die Pankreassekretion bei Sekretionsstorungen des 
Magens, Alitt a d med Fakult d k Univ zu Tokyo 13 143, 1914 
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fiist time that the flow of panel eatic juice is not necessanl} unfaxor.ibly 
affected by distuibance of the gastric secretion, but rathei that it is even 
<iccelerated in some cases 

Using the same method as Okada and, m addition, estimating diastase 
following the proceduie of Wohlgemuth, Hatta and Marui ” also proved 
that the pancreatic secretion is not necessarily disturbed bv disturbed 
gastric secretion 

Aftei investigations of the duodenal juice m subjects with disturbed 
gastiic secietion the conclusions of Schoppe.’"' Isaac-Knegci Katsch 
and von Fiiediich,’" Roth and Steinberg,’^ Sclioemng,^'’ Deloch. 
McClure and his associates,-^ Nagai,-- Kusnetzow and Michailowa 
and otheis agieed in the mam with those of Okada It was pointed out, 
however, that the methods hitherto applied, i e , the estimation of the 
enzymatic activity of the duodenal return, encountered theoietical as 
well as leal objections when quantitative tests were consideied The 
pieseiice of a consideiable amount of saliva, gastric juice and biliaiy 
secretion so diluted the duodenal contents that a correct quantitative 
study of the pancreatic feiments was impossible We have devised a 

14 Hatta, Z, and Marui, K Ueber die Tatigkeit der Bauchspcicheldruscn bci 
den Verdauungsitorungen des Magens sowie bei Aufnahme verscbicdcner Nah- 
rungsstoffe und A.r7iieimittel, Mitt a d med Fakult d k Univ zu Tokjo 20 121, 
1918 

15 Schoppe, W Vergleicliende Untersuebungen auf tryptischcs Ferment in 
den Faces und im Duodenalsaft mit der Casem-Methode, Arch Verdauungskr 
28 289, 1922 

16 Isaac-Knegcr, K Welchen Wert bat zurzeit die Untcrsuchung des Duo- 
denalsaftes fur die Diagnose der Darmkrankheiten’ kled Klin 18 431, 1922 

17 Katsch, G , and von Friedrich, L Bauchspeichelfiuss auf Aethcrreiz, Klin 
Wchnschr 1 112, 1922 

18 Rotli, N , and Sternberg, F Zur Fragc der Pankreasachyhe, Deutsche 
med Wchnschr 48 1207, 1922 
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20 Deloch, E Zur Funktionsprufung der ausseren Pankreassekrction durch 
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Enzyme Concentration of Duodenal Contents After Ingestion of Pure Foodstuffs 
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new method (published in the first paper of this series -^) which affords 
a reliable and accurate estimation of pancreatic function Therefore, it 
might not be amiss to investigate this interesting problem further 

CLINICAL MATERIAL 

The cases under consideration consist of an unselected group of 
seven cases of achylia gastrica and five cases of cancer of the stomach 
in connection with achlorhydria Nine of the patients were men and 
three women The cases of achylia gastrica were complicated by 
cholelithiasis, bronchial asthma, cardialgia and mild beriberi In a 
woman, aged 29, with cancer of the stomach, the peritoneal cavity was 
involved with metastases and effusion The scanty secretion and low 
enzymatic activity in this case were probably due to the extremely pros- 
trated condition of the patient or to pancreatic involvement 

METHOD 

The method employed in this investigation is the same as that 
described in the first paper of this series 

The results in three hour specimens of the duodenal contents shown 
m table 1 are presented in table 2 

In case 2 all of the enzymes as well as the bile pigment were 
extremely diminished, owing to the scanty amount of the juice obtained 
In this case the achylia gastrica was complicated by peritoneal car- 
cinosis with effusion, and the patient was extremely emanated and pros- 
trated, hence, the disturbed secretion of the pancreatic juice might be 
regarded as the consequence of this unusual condition From the fore- 
going case, it IS evident that the majority of cases of achylia gastrica 
and cancer of the stomach complicated by achloihydna show normal 
enzymatic activity in the duodenal return , in some cases it is increased, 
so that the general average is highei than that in normal cases with 
undisturbed gastric secretion (we considered as a normal average 70 
kilo-umts for trypsin, 140 kilo-units for amylase and lipase in 
the first paper of this series) The average of bile pigment is also 
high, but it must be taken into consideration that most patients 
examined here weie relatively old (eight were over 40 years of age) 
We found (as reported in the first paper) that the elimination of bile 
pigment increases with age 

In a study of the enzymatic activity, using the highest degrees found 
in frequent half-hourly or hourly determinations during three hours, 
we also found normal values in the mam 

24 Okada, S , Sakurai, E , Imazu, T, and Kuramochi, K Pancreatic Func 
tion I The Quantitative Estimation of Pancreatic Secretion, Arch Int Med 
42 270 (Aug) 1928 
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From every point of view, we may conclude that the pancreatic 
secretion is not necessarily distuibed by disturbed gastric secietion It 
IS rathei increased m some cases 


COMMENT 

We feel warranted m concluding that the pancieatic and biliaiy 
secretion is not disturbed as the consequence of disturbed gastiic secre- 
tion The foregoing observations suggest that the presence of hydro- 
chloric acid IS not necessary m oidei to stimulate noimal pancreatic 


Table 2 — ResttUs m Thice Houi Spccwicns of Duodenal Contents 


Ti ypsin 

Below 30 kilo units 

From SO to 120 kilo units 

More thin 120 kilo units 

Arenge of the whole (17 e\aminations) 

Arenge of the cases showing more than SO kilo units 

1 case 

0 cases 

2 casts 

99 9 kilo units 
lOS 1 kilo units 

Amylase 

Below 50 kilo units 

Prom 50 to 300 kilo units 

More than 300 kilo units 

Average of the whole 

Average of the cases showing moie than 50 kilo unit® 

1 case 

10 cases 

1 case 

272 5 kilo units 

296 9 kilo units 

Lipase 

Below 50 kilo units 

Prom 50 to 300 kilo units 

More than 300 kilo units 

Average of the whole 

Average of the eases showing more than 50 kilo units 

2 cases 

8 cases 

2 cases 

161 3 kilo units 

191 2 kilo units 

Bile Pigment 

Below 5 mg 

More than 5 mg 

Average of the whole 

Average of the cises showing more than 5 mg 

1 case 

11 cases 

21 4 mg 

25 1 mg 

Table 3 — Data of Ensyinatie 

Activity 


'Irypsm 

Below 500 kilo units 

Moie than 500 kilo units 


1 case 

11 cases 

Amylase 

Below COO kilo units 

More than 600 kilo units 


0 

12 cases 

Lipase 

Below COO kilo units 

More than 600 kilo units 


2 cases 

10 cases 


secietory activity We had had much expeiience in normal cases, 
showing that a profuse secretion of pancreatic juice occuired during 
fasting when the gastric content diawn simultaneously with the pan- 
creatic juice by means of the gastric tube did not show an acid leaction 
The secretin mechanism is generally accepted and no doubt plays a 
role m normal digestion , howevei , we are of the opinion that this 
mechanism has been overemphasized The facts that secretin is 
detected m nearly the same concentration in two thuds of the 
small intestine and that the acid chyme soon becomes alkaline on 
entering the intestinal tract show that only a small part of this hoimone 
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pai takes in this mechanism It is highly suggcstne that some eneigctic 
and impoitant mechanism, othei than the secretin mechanism exists foi 
promoting the pancreatic secietion The evidence of this mechanism 
will be suggested m the fouith papei of this series 

CONCLUSIOX’S 

The enzymatic activity of the duodenal leturn duimg three houis’ 
collection was estimated Evidence that the pancreatic secietion was 
disturbed as the consequence of disturbed gastric secretion was not 
found On the contrai}^ theie weie cases in which an increased 
activity was detected, so that the geneial aveiage of tryptic, amylohtic 
and lipolytic efficiency was much higher in comparison with that of 
noimal gastiic secretion If one takes the highest value of houily oi 
half hourly specimens, the enzymatic activity was usuall}'- ovei the 
minimal noimal limit From these observations, it is evident that 
the presence of hydiochlonc acid is not necessaiy m ordei to stimulate 
noimal panel eat ic secretory activity The impoitance of the secretin 
mechanism seems to have been overemphasized It is highly suggestive 
that some poweiful stimulating mechanism othei than that of secietin 
exists 



COARCTATION OF THE AORTA 


A CASE OF THE ADULT TYPE IN A CHILD SIX MONTHS OF AGE 

A M SALA, MD 

AND 

I NACHAMIE, M D 

NEW YORK 

Coarctation is the term applied to the congenital stricture of the 
arch of the aorta below the origin of the left subclavian artery This 
condition exists in two distinct forms as differentiated by Bonnet ^ 
the “infantile” and “adult” types, accoiding to the morphology and, 
possibly, the etiology of the lesion In the first group he places cases 
presenting a diffuse nai rowing of the fetal isthmus of the aorta, which 
may be regarded as the peisistence of the normal relationship before 
closure of the ductus arteriosus In the “adult” type there is found a 
1 datively abrupt stricture, even complete obliteration, at or in the 
immediate vicinity of the ligamentum arteriosum The constriction 
often resembles that produced by a ligature around a vessel and has 
been (probably erroneously) termed nondevelopmental and attributed 
to postpartum extension of the tissue of the ductus into the wall of the 
aorta This explanation was first advanced by Craigie - and has been 
known as the skodaic theory As late as July, 1927, this theory was 
mentioned by Mackenzie, in spite of its inapplicability in cases in 
which stricture coexists with moie or less patency of the ductus itself, 
and in cases in which a membranous ndge is present at the inner aspect 
of the stricture The moie probable explanation was advanced earlier 
b}'^ Reynaud,* Rokitansky® and Longa,® and emphasized by Hamilton 
and Abbott " in a recent paper, as being due to “a true abnormality of 
development aiising in embryonic life in the descending limb of the 

Submitted for publication, Dec 12, 1928 

^ From the Pathological Laboratory of Harlem Hospital 

1 Bonnet, L M Sur la lesion dite stenose congenitale de I’aorte, Rev de 
med 1903, vol 23 

2 Craigie, D Instance of Obliteration of the Aorta Beyond the Arch, 
Edinburgh M J 56 427, 1841 

3 Mackenzie, G M Coarctation of the Aorta, Am I M Sc 174 87, 1927 

4 Reynaud, A Observation d’une obliteration presque complete de I’aorte, 
Jour hebd de med 1 161, 1828 

5 Rokitansky-Dlouhy Handbuch der speciellen pathologischen Anatomie, 
ed 3, 1856, p 337 

6 Longa, G Stenosi ed obliterazione congenita dell’aorta, Riv dm di 
Bologna 7 529, 1887 

7 Hamilton, W F, and Abbott, M E Coarctation of the Aorta of Adult 
Tjpe, Am Heart J 3 381, 1928 
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primitive left aorta at the point of junction of the fourth, fifth and 
sixth arches of this side ” In some measure of support of the latter 
theor}^ two cases of the “adult’' tjpe of coarctation present shortly 
after birth, are mentioned by them, the first fiom Etthnger m an 
infant 17 days old, and the second from Wadstein ” in an infant aged 
7 months The case we are reporting in this paper is another of the 
“adult” type of coarctation in a child, aged 6 months 

REPORT or CASE 

Htstoty — P E , a boy, aged 6 months, born in the United States of Porto Rican 
parents, was admitted to the Harlem Hospital on Jul> 26, 1928 The child left the 
Willard Parker Hospital eighteen days before, after having been under treatment 
there for diphtheria for the preceding two weeks A cough was noticed at the 
time he arrived home, the e-vpectorated sputum being white and thick resembling 
curdled milk Two days before admission to our hospital, the child became 
extremely ill and was brought to the pediatric clinic, where treatment was pre- 
scribed, and he was sent home On the daj before admission he refused to suckle, 
but since then he has taken a little nourishment by spoon His temperature had 
been high for the two days previous to admission He cried little, but his voice 
became weaker 

He was born at the Lymg-In Hospital m New York, on Jan 24, 1928, at full 
term, delivery being spontaneous He was breast fed up to the time he was taken 
to the Willard Parker Hospital and again after his return home He was an only 
child, the mother never having been pregnant before The mother and father were 
living and well 

Physical Examination — The patient, a colored male infant, 6 months of age, 
was lying m bed m a comatose condition He had a rapid respiration, rapid, thready 
pulse and a high temperature He was obviously acutely ill The head was normal 
in size and shape, the posterior fontanel was closed, and the anterior fontanel 
admitted the tip of a little finger There were no craniotabes The sclerae were 
clear, and the pupils pinpoint in size and fixed to light There was incoordination 
of the extrinsic eye muscles The ears and nose were normal The anterior 
pillars of the fauces were slightly injected, and the lips were cyanotic The neck 
flexed normally, and there were no abnormal pulsations or thrills The chest was 
normal in shape, except for Hutchinson’s grooves The lungs were clear on per- 
cussion, but were full of loud subcrepitant rales heard both anteriorly and pos- 
teriorly Patches of marked bronchial breathing with increased voice sounds were 
present The heart sounds were obscured by the pulmonary signs The breathing 
was mostly abdominal There was moderate distention, but masses, tenderness and 
rigidity were not observed The extremities were normal There were no marked 
epiphyseal enlargements The reflexes were normal 

The patient’s temperature on admission was 105 2 F , the pulse rate 90 and the 
respiratory rate 50 The child died a few hours later Cultures of the blood and 
spinal fluid taken immediately after death, under sterile conditions, were negative 
after four days 


8 Ettlinger Zur Casuistik der angeborenen Herzfehler, Klin Wchnschr 
19 399, 1882 

9 Wadstein, E Stenos och obliteration af aorta vid eller i narheten af 
ductus botalh, Lund, 1897 
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Autopsy — The body was that of a colored male chdd about 6 months of age 
It was fairly well developed but somewhat emaciated Rigor mortis was complete 
sixteen hours post mortem There were no signs of jaundice, edema or petechiae 
The tonsils, thyroid and thymus were normal 

The chest was symmetrical The pleural cavities did not contain any free fluid, 
and the pleura was smooth but dulled m appearance The lungs were firm and 
airless practically throughout, with exception of the right middle lobe On section, 
the lung tissue was a mottled dark red and gray, irregularly raised and granular 
m appearance The blood vessels were normal The left bronchus 1 cm from 
Its bifurcation presented an area of necrosis on its walls, 4 mm in diameter On 
opening this bronchus longitudinal fissures appeared m the necrotic area A probe 
passed into these small artificial fissures pointed to the region of the ductus botalli 
The connective tissue Ijung between the necrotic portion of the trachea and this 
same region was thickened and injected but did not contain any free pus There 
was an abrupt marked stricture of the aorta directly at the point where it was 
joined b}-^ the obliterated ductus The aorta was dilated slightly above and below 
the stricture The circumference of the aorta at the aortic valve was 3 2 cm , at 
the widest part of the ascending portion, 3 1 cm , at the widest part of the arch, 
3 cm , at the widest part just above the coarctation, 2 9 cm , at the coarctation, 
0 66 cm, and at the widest part just below the coarctation, 2 9 cm 

The heart was enlarged, the pericardium was smooth and did not contain anv 
excess fluid The cardiac enlargement was due to moderate hypertrophv of the 
left ventricle The valves were normal The foramen ovale was patent There 
was no increase in the size of the superior thoracic vessels, nor were other vascular 
anomalies present The abdominal organs presented only congestion The gastro- 
intestinal and genito-unnary tracts were normal 

The diagnosis was bilateral confluent bronchopneumonia, coarctation of the 
aorta, localized necrosis of the left bronchus, and congestion of the abdominal 
organs 

COMMENT 

The symptoms of coarctation when piesent are ( 1 ) dyspnea, 
usually not so maiked as m other forms of congenital heart disease, 
( 2 ) lesults of an unequal circulation with unequal pressure, such as 
headache and coldness of the lower extremities Among the signs 
may be cyanosis, a loud precordial murmur, unequal pulse rates, weak- 
ness of the dorsalis pedis and visible pulsation in the upper part of the 
thoracic region The x-ray picture may show an absence of the aortic 
bulge 111 the second left interspace Other congenital cardiac lesions 
may accompany this abnormality According to the severity of the 
lesion, a case will fall into one of the three following groups, as 
indicated by Hamilton and Abbott (a) cases in which the condition 
IS apparently entirely latent, (b) cases occurring in previously robust 
and vigorous persons, in the full tide of early adult life, in whom signs 
of caidiac insufficiency may suddenly set m as the result of what would 
otherwise be an inadequate cause, (c) a few cases m which signs of 
vascular or cardiac disability exist from early childhood 

It IS difficult to state what part the anomaly played in the sequence 
of events leading to this child’s death, since bronchopneumonia follow- 
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mg an acute mfectious disease is a common enough cause ol death m 
children We may feel, howevei, that because of the absence of 
symptoms of cardiac disease before the initial illness and m Mew of 
the marked stenosis existing, this case piobably fits into group b, 
although It IS likely that had the child lived to an oldei age it would 
have fitted into gioup c 

It is interesting to note that cases of the ‘ adult ' tyjxi of coaictation 
usually present only minor anomalies of the caidiovasculai system 
This IS just the opposite of what is found m the “infantile” t}pe In 
our case the sole accompanying anomaly w'as a patent foiamen ovale 
There occuired, how'evei, tw^o of the three impoitant secondaiN 
changes, though to only a mild degiee hist, the moderate dilatation 
above and below the stricture, and second, the moderate hypertiophy 
of the left side of the heart The development of a collateiai cii dila- 
tion, the most striking of the secondaiy features, wds entiiely absent 
In view of the degree of the stnctuie this may again be attiibuted to 
the age of the patient 

A further point of mteiest m the case is the significant position of 
the focal necrosis of the left branch of the bionchus m i elation to the 
coarctation and the hgainentum aitenosum It seems leasonable that 
the jDressure of the blood stieam through the nan owed lumen excited 
sufficient ti action on the hgainentum and the tissue surioundmg it to 
have caused mechanical irritation of the adjacent bronchus and so 
piovided a reason foi the gi eater involvement of the bionchus at this 
point during the recent illness The mechanism would be similar to 
that described m the pioduction of ti action diveiticula of the esopha- 
gus As a mattei of fact, the traction of the hgainentum arteiiosum, 
said by some to be one of the causes of coarctation, is believed to be the 
cause of the conical aneurysms produced m the wall of the aoita at this 
point 

SUMMARY 

1 Coarctation of the aoita may be eithei “infantile” oi “adult” 
The first teim is applied to those cases presenting a diffuse narrownng 
of the fetal isthmus, the second, to those presenting a i datively abrupt 
stiicture, varying m degree, m the vicinity of the hgainentum aitenosum 

2 A child, 6 months old, who was admitted with a bioncho- 
pneumonia of at least two days’ duration, died some hours after 
admission The developmental and family history was negative, but 
the infant had been ill with diphtheria and dischaiged fioiii the hos- 
pital as cured eighteen days pievious to admission No cardiac signs 
were elicited on examination because of the masking signs of broncho- 
pneumonia 

3 Autopsy levealed, m addition to an extensive bronchopneumonia, 
a localized neciosis of the left bionchus and a coaictation of the aorta 
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of the “adult” type This was accompanied by a patent foramen ovale, 
a moderate dilatation above and below the stricture and a moderate 
hypertrophy of the left side of the heart 

CONCLUSIONS 

1 The focal necrosis found in the bronchus was probably initiated 
by the pressure of the blood stream flowing through a narrowed lumen 
and exerting sufficient traction on the ligamentum at this point to have 
caused mechanical irritation of the adjacent bronchus during the 
patient’s recent attack of diphtheria 

2 The minor degree of accompanying anomalies and the presence 
of two of the three important secondary cardiovascular changes are 
consistent with the adult type of coarctation 

3 This case is the third on record presenting the adult type of 
coarctation in an infant shortly after birth and therefore supporting the 
developmental theory of origin 

4 The “adult” type of coarctation frequently and erroneously has 
been termed nondevelopmental It is a true abnormality of develop- 
ment arising m the descending limb of the primitive left aorta 
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Lehrbuch dek Blutkrankheiten EUR Arztl und Studierende B3 Prof 
Dr Hans Hirsciifeid, Director of the Hcmatolojjical Dnision of thc 
Universitj' Institute for Cancer Research, Cliante, Berlin, and Professor at 
the University of Berlin Price, Rm 22, bound Rm 24 Pp 2G3, ^\lth 48 
illustrations Leipzig J A Barth, 1928 

This IS not a handbook for the specialist in hematology whose main interest 
IS m the cytology of the blood It is, as the title indicates, a textbook of diseases 
of the blood, intended primarily for the clinician and the medical student As 
in the first edition of this book, clinical features and therapeutics are emphasized, 
while the discussion of blood pictures is restricted to wdiat can be easilj under- 
stood bj’^ those w'ho have not had special training in morphologic hcmatologj 

In some instances, this plan to limit the discussion of the c\tology of the blood 
has led to the omission of some features which are important for differential 
diagnosis, for example, the spherical shape of the microcytes in hereditary hemo- 
lytic jaundice, the peculiar and characteristic neutrophil leukocyte of pernicious 
anemia, the character of the Ijnnphocj'tes in benign lymphadenosis (infectious mono- 
nucleosis) and lymphatic reactions compared with those of acute lymphatic 
leukemia 

The general part of the book contains a brief but useful account of the common 
technical methods employed for the microscopic examination of the blood, including 
a description and illustration of the Hirschfeld precision pipets for accurately 
measuring the blood column and diluting fluid for cell counts There arc brief 
sections on the physicochemical and biologic properties of the blood, including the 
technic for determining blood groups A section follows on the formation and 
destruction of blood, with a brief description of the histology of the blood-forming 
organs The dualistic view^ of Naegeli is accepted as expressing the relationships 
of blood cells, with latent myeloid tissue in the spleen, 111 the form of oxydase- 
positive cells of the pulp and as adventitial cells in lymph nodes and liver, providing 
the mechanism for myeloid metaplasia of these organs in various pathologic states 

The section on the general pathology of the blood is one of the most interesting 
parts of the book The general principles which govern the alteration of the blood 
are discussed, and the proper background is developed for the part dealing with 
diseases of the blood and blood-forming organs It includes a discussion of the 
“shift to the left” in the leukocyte formula and a useful table presenting a grouping 
of diseases and pathologic states according to the type of leukocytosis which 
accompanies them 

More than half of the book is devoted to diseases of the blood and blood-forming 
organs, 41 pages being given to the anemias Among the hemolytic anemias are 
included only those that show hemoglobmemia, such as various symptomatic types 
(black w'ater fever, snake venom, saponin, etc ) and paroxj smal hemoglobmemia 
Pernicious anemia, hemolytic jaundice and others w'hich are frequently classified 
with the hemolytic anemias are excluded, because the destruction of crjdhrocj les 
takes place outside the blood stream The other diseases are discussed under the 
following headings hemoblastoses of the leukoblastic system (leukemia, chloroma) 
and of the erythroblastic apparatus (erythremia), genuine tumors of the hemato- 
poietic system (lymphosarcoma, multiple mj'eloma, etc), infectious granulating 
lymphomatoses (tuberculous, syphilitic, Hodgkins), diseases of the spleen, hemor- 
rhagic diatheses and protozoan diseases of the blood These chapters are followed 
by sections on general therapy of diseases of the blood, and secondary changes 
m the blood in diseases which are not primarily those of the blood Finally there 
are a number of tables giving tj'pical pictures of the blood illustrating the diagnostic 
and differential diagnostic importance of morphologic examinations of the blood 
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In general, the more important diseases of the blood are discussed under the 
following headings general clinical features, course, prognosis, pathologic anatomy, 
pathogenesis, differential diagnosis and therapy The arrangement of the subject 
matter is logical and convenient for ready reference Only well established facts 
are presented There is an almost complete omission of controversial material and 
discussion of the literature In spite of these intentional omissions this revised 
edition, with its modern point of view, should meet the requirements of those 
who wish to use it in medical practice, but who do not care to specialize in diseases 
of the blood The revision shows manj' additions in both text and illustrations 
corresponding to the rapid advance which has been made in this field 

Laboratory Diagnosis and Experimental Methods in Tuberculosis 
Henry Stuart Willis, the Johns Hopkins University and Hospital, with 
a Chapter on Tuberculocomplement Fixation, by J Stanley Wooley, Loomis 
Sanitarium Price, cloth, $3 SO , keratol, $4 25 Pp 330, with illustrations 
and references Springfield, 111 Charles C Thomas, 1928 

In this book, according to the preface, an attempt is made to describe the more 
important methods of laboratory diagnosis of tuberculosis and to consider some 
of the more significant procedures and principles involved in the experimental 
study^ of the disease 

The organization of the book is strikingly good and makes the work an invalu- 
able and most accessible aid to the laboratory worker Part 1 deals with general 
considerations of the fluids and excreta of the body In part 2 the various bacterio- 
logic methods of diagnosis are concisely and clearly described The following 
sections give the methods of diagnosis by tuberculin and by serologic methods 
Lastly, there are descriptions of methods for producing and studying the disease 
in animals and discussions of the technic of tissue culture and histologic technic 
for handling tissues At the end of the book there is even a list of the equipment 
needed for a tuberculosis laboratory, with prices 

Dr Willis’ keen insight into the difficult details confronting the unaccustomed 
laboratory worker especially is clearly evident from the careful description of 
technic Although the book is intended rather as a description of methods than 
as a discussion of theories, there is a great deal of valuable and often inaccessible 
theoretical information References to an extensive bibliography lead the research 
worker to original sources Data concerning the disinfecting capacities of varying 
degrees of heat and various concentrations of chemicals on the tubercle bacillus 
are especialH commendable The descriptions of the vital staining technic for 
studying the blood and tissues, of tissue culture methods and of the histologic 
technic for handling tissues are also valuable 

Dr Allen Krause gives the following good description of the manual in 
his introduction “The book wull have been worth while if it succeeds in teaching 
that the laboratory diagnosis of the ordinary cases of tuberculosis can be accom- 
plished by simple methods in an ordinary physician’s hands m an ordinary physi- 
cian’s office ’’ 

Criteria for the Classification and Diagnosis of Heart Disease Joseph 
H Bainton, MD, W C Munlv, MD, MC, USA, Robert L Levy, 
M D , and Harold E B Pardee, M D (Chairman), a Committee Appointed 
by" the Heart Committee of the New York Tuberculosis and Health Associa- 
tion Arranged in conformity wuth the nomenclature for cardiac diagnosis 
approved by the American Heart Association Price, $1 50 Pp 92 New 
York Paul B Hoeber, 1928 

The effective study of a chronic disease such as heart disease necessitates the 
accumulation of clinical data in many places over long periods of time This 
cannot be accomplished satisfactorilv unless a uniform nomenclature is adopted 
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by the clinics encouraging such a stud\ The nnporl.incc of precise labeling should 
be self-evident, and precision and unifornnt> in labeling depend on the accurate 
understanding of the labels 

This little book defines with remarkable clarity the criteria for the diagnosis 
and classification of pathologic conditions of the heart The diagnostic nomencla- 
ture IS that adopted bj the American Heart Association It was ongmalh prepared 
and adopted by the Committee on Caidiac Clinics of the New York Heart Associa- 
tion and wfas introduced, in 1923, into the various clinics of that orgamration wlneh 
IS now the Heart Committee of the New York luberculosis and Health Association 
In the opinion of the review'er it should prove satisfactorj in anj chine 

The major portion of the book is devoted to a discussion of the criteria for 
cardiac diagnosis The belief is expressed that a comprehensne diagnosis should 
consist of four parts etiologic, anatomic, phj siologic and functional , that is to 
say, it should not only describe the structural changes m the heart but gue the 
causes of such changes, indicating the type of disturbance of phj siologic function, 
and defining the functional capacity of the heart The descriptions and definitions 
are given concisely and clearly 

The committee has done a genuine service to the medical profession in the 
publication of this valuable book 


Thl Opium Problpm Chari es E Terr\ and Mii dred Pi liens For 
the Committee on Drug Addictions m Collaboration wuth the Bureau of 
Social Hygiene Cloth Gratis Pp 1,042, wnth illustrations New' York 
Committee on Drug Addictions, 1928 

I 

This w'ork is unique m its composition It is a literary production m that 
It presents the problem of opium m its historic, physiologic, pathologic and 
forensic phases, purely from the standpoint of citation The authors have quoted 
or summarized the essential features of approximately 400 references, consequent^ 
making this essentially a source book In general, they have refrained from 
presenting their own conclusions , instead, they present the interpretations of the 
problem made by the different winters This work is valuable to the student of 
almost any phase of the morphine problem, whether from the strictly scientific 
or the legal standpoint 


The Duodenum Medical, Radiologic \nd Surgical Studies Pierre 
Duval, Jean Charles Raux and Henri Beclere, Surgical Clinic, Faculti 
of Medicine, Pans Translated by E P Quam, MD Price, $5 Pp 205 
St Louis C V Mosby Companj, 1928 

The first half of this monograph is devoted to a discussion of the etiologj, 
symptoms, diagnosis and treatment of periduodenitis Beginning wuth cases of 
disease of the gallbladder in which the duodenum is involved by contiguity, the 
authors proceed to differentiate the symptoms due to disease of the gallbladder 
pet sc and those due to periduodenitis pet sc The evidence submitted is entireh 
inadequate to justify the conclusions drawn The same criticism applies to the 
chapter on essential and stenosmg periduodenitis Taken as a w'hole, facts sub- 
mitted, including those of serial roentgenograms and operative controls, do not 
justify the attitude taken 

The chapter on chronic compression of the third portion of the duodenum 
seems a little more reasonable Here, too, the authors seem unable to keep 
their enthusiasm under control It is difficult for one wdio is uinersed m “right- 
sided constipation and cecocolomc stercoral stasis” to conceue of a colonic t\pc 
of duodenal stenosis 
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The chapter on the radiologic signs of ulcer of the duodenal bulb is a well 
written, concrete presentation of fact It is the really good part of the book 
There is a similarly concrete discussion of intoxication in experimental intestinal 
obstruction The clinical application of this condition in incomplete duodenal 
stenosis is not so obvious as it seems to have been to the authors 

Clinical Medicine Oscar W Rethea, M D , Ph G , Professor of Thera- 
peutics, Tulane Graduate School of Medicine, and Professor of Clinical 
Therapeutics, Tulane School of Medicine Cloth Price, $7 50 Pp 700 
Philadelphia W B Saunders Company, 1928 

In the preface the author states that he has endeavored constantly to keep 
in mind that the great majority of patients must be treated in homes and under 
conditions which offer limited aid to the physician The book concerns chiefly 
the diagnosis and treatment of about 100 of the most common diseases coming 
within the province of internal medicine It is what it claims to be a practical 
discussion of ordinary diagnosis and treatment, in which etiology and pathology 
receive little consideration It will probably be welcomed by many practitioners 
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COLDS, AND ASTHJvIA ASSOCIATED WITH COLDS 

PREVENTIVE TREATMENT WITH \ ACCINES *' 

I CHANDLER WALKER, 3^1 D 

BOSTON 

In a recent paper, Adkinson and I ^ reported the results of the 
bactenologic examination of the sputum of a large number of asthmatic 
patients, for a period of years, with special reference to the strepto- 
coccus involved In the present paper I wish to report the clinical 
application of these results Patients who were subject to colds and 
to asthma associated only with colds were treated with vaccines com- 
prising the prevalent streptococci for certain periods, as determined in 
the earlier investigation 

During the early studies on asthma, m 1916 and 1917, numerous 
patients were encountered who were nonsensitive and whose asthma, 
which seemed to be caused bj bronchial infection, was associated, 
howevei, with little if any expectoration It was desired to tieat these 
patients with vaccines Sputum was not available, however, and there 
was no information as to the bacteria to be used Furthermore, many 
patients had sporadic attacks of asthma, and others had asthmatic 
attacks associated only with colds Between attacks expectoration was 
not available In the patients who had intermittent attacks of asthma 
with periods of freedom the attacks were attributed to various kinds 
of bacteria which were not constant for every cold or attack, as 
probably would be the case in patients with continuous asthma 

As an experiment, all good autogenous streptococcic vaccines were 
pooled for a period of a year, and all the asthmatic patients from whom 
sputum was not obtainable were treated with this pooled streptococcic 
vaccine, with beneficial results This led to the treatment of patients 
with spasmodic asthma and colds with the pooled vaccine Beneficial 
results often were obtained in these cases In fact, the results were 
so encouraging that a more careful study and identification of the 
bacteria encountered in the sputum of asthmatic patients was begun 
Since 1918, this study has been continued the obsenations were 
recently reported ^ 

* Submitted for publication, Oct 23 1928 

*The laborator}' work of this paper was done in the Medical Clinic of the 
Peter Bent Brigham Hospital Boston, m association wutli June Adkinson 
All the patients were seen and treated in private practice 

1 Walker, I Chandler, and Adkinson June Bactenologic Examination of 
Seven Hundred and Twent}-Four Sputum from as 3^Ian\ Patients with Bronchial 
Asthma, Arch Int Med 41 601 (^pnl) 1928 
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A brief summary of these observations follows In the sputum of 
asthmatic patients, the prevalence not only of hemolytic and non- 
hemolytic streptococci, but of subgroups or individual varieties of both 
the hemolytic and nonhemolytic streptococci, vaiied from year to year 
The changes in prevalence seemed to occur during the warm season of 
the year, the data were constant during the successive cool seasons of 
each year — fall, winter and spring Not more than four of the eight 
hemolytic varieties of streptococci were prominent during any one 
period , among the eight nonhemolytic varieties not more than five pre- 
dominated during any one period 

In 1919, the pooled autogenous vaccine previously mentioned was 
replaced by a mixed streptococcus vaccine which consisted of equal 
parts of the predominating streptococci for that period As soon as new 
strains of the various individual types were isolated, they were added 
to the mixture, so that the ultimate vaccine consisted of many strains 
of each of the predominating streptococci for that period The present 
paper deals with the clinical application of the laboratory observations 
already published 

The technic used in isolating and determining the varieties of the 
streptococci is described in an earlier paper As by the time the individ- 
ual vanety had been classified the organism usually refused to grow, 
it was necessary to grow it m large quantities at the time it was 
inoculated into the serum waters Even at this stage many cultures 
refused to grow Thus a great deal more work was done than is evi- 
denced by this paper For each variety of streptococcus there was a 
container so labeled After the various types were identified, washed in 
a physiologic solution of sodium chloride and concentrated and killed by 
heat, they were transferred to their respective containers or stock 
bottles Since this procedure was carried on throughout the year, each 
type of bottle contained numerous strains of the same variety From 
these concentrated stock varieties, dilutions of equal strengths of the 
various types of streptococci were made and pooled, thus the final 
mixed streptococcus vaccine consisted of equal strengths of the pre- 
dominating streptococci The count was approximately one hundred 
million organisms per minim, oi fifteen hundred million per cubic 
centimeter 

The method of treatment consisted of weekly subcutaneous injec- 
tions beginning with 3 minims, the equivalent of three hundred million 
organisms The dose was increased by 1 minim weekly foi a period of 
from eight to ten weeks If a given dose caused much local or any 
geneial reaction, it was repeated before the amount was increased 
Marked local reactions, or a general reaction were not common, but 
occurred in certain persons For infants and young children the vac- 
cine was diluted to one-half strength Treatment was usually given 
during the fall and early winter foi the following two reasons 1 Most 
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patients are comparatively well during the summer, but during the fall, 
wintei and spring, they are subject to colds and bronchial infections 
2 During the fall, the pi evading t 3 pes of stieptococci are determined, 
these types seem to be constant throughout the succeeding cold period 
of the yeai 

Although patients with chiomc bionchitis and asthma have been 
tieated with this mixed streptococcus vaccine with considerable success, 
autogenous vaccines are preferable because the patients harbor ceitam 
organisms to which then resistance is low In this group of cases, the 
sputum should be the best guide as to the organisms that cause bronchitis 
and asthmatic bronchitis This papei, therefore, deals only with non- 
sensitive patients who had spasmodic or intermittent attacks of asthma 
separated by periods of fieedom and those who had asthma associated 
only with colds, and persons susceptible to colds, though otherwise 
noimal The tables include the results foi only the patients who were 
accustomed to having four or more asthmatic attacks or colds a year, 
since in such cases it was not difficult to estimate results In the dis- 
cussion of the results, some cases not mentioned m the tables are 
included in which some question may arise as to how definite the results 
from the vaccine vere In other \\ords the figures presented m the 
tables represent cleancut definite results from which statistics may be 
made safely, but m the discussion of these results, cases are mentioned 
in vhich the benefit received from treatment with vaccine might be 
considered as problematic Fuithermore, only those cases are presented 
in which the patients were under observation for a period of four or 
more years 

Table 1 is reproduced fiom an earlier paper ^ in oider to show the 
prevalance and frequency of the various t}pes of streptococci during 
the period of this study The constituents of the mixed streptococcus 
vaccine vhich was used each }eai weie detei mined by the prevalence 
of the types as shown for that year in table 1 

During the fall, winter and spring of the period fiom 1920 to 1921 
(table 1), the following most pievalent types of stieptococci were 
incorporated into the mixed streptococcus vaccine Hemolyticus angino- 
mfjequens and pyogenes, and Nonhcmolyticus sahvaim<;, fecalis 
and nuUs For the period from 1921 to 1922, the following vaiieties 
of stieptococci were used Hemolyticus subocidtis, anginosus, infiequens 
and pyogenes, and Nonhenwlyhcus ignavus, sahvauns, fecahs and 
nniis During the period from 1922 to 1923, the vaccine consisted of 
Hemolyticus angwsus, mfiequcns and pyogenes, and Nonhemolyticus 
fecahs and mths From 1923 to 1924, only anginosus and pyogenes of 
the hemolytic group were used, but of the nonhemolytic group, ignavus, 
salwaiius, fecahs and nonhenwlyhcus type 1 were encountered with 
sufficient frequency From 1924 to 1925, the mixed streptococcus 
vaccine consisted of Hemolyticus subacidus, anginosus, mfi equens, pyo- 
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genes and hemolyhciis type 1 , of the nonhemolytic types, ignavu';, sali- 
vai lus, fecahs, mitis and" nonhemolyticns type 1 It is noted, therefore, 
that of the hemolytic types of streptococci, only anginosus and 
pyogenes were constant for all the periods observed, and of the non- 
hemolytic types only fecahs and mihs , during the next period, 1925 
to 1926, only two of the foiegomg four types were prevalent These 
facts illustrate the importance of constantly studying the bacteriology 
of these conditions in older to take advantage of variations as they 
occur Furthermore, the nonfeasibihty of using the same stock vaccine 
indefinitely is demonstrated In fact, the same stock vaccine is not 
indicated for any two succeeding years but should be determined each 


Table 1 — Pi evalcncc and Ftcqucncy of Hemolytic and N onheniolylic Sti eptococci 

and of Ofhci Oigamsms 



1918 

1919 

1920 

1921- 

1922 

1923 

1924 

1925- 

1920 

Number of 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Sputums examined 

65 

05 

50 

so 

05 

101 

93 

95 

104 

Hemolytic vaneties recovered 

51 

40 

49 

70 

08 

21 

54 

42 

110 

Hemolytic varieties predominated 

35 

10 

4 

6 

5 

2 

8 

6 

21 

Hemolj tic varieties alone 

1 

1 

27 

12 

43 

0 

5 

7 

14 

Nonhemolytic varieties recovered 

51 

51 

24 

02 

26 

108 

115 

93 

115 

Nonhemolytic varieties predominated 

24 

28 

2 

3 

1 

2 

7 

5 

30 

Nonhemolytic varieties alone 

1 

13 

19 

14 

11 

82 

48 

35 

31 

Hemolytious subacidus recovered 

17 

19 

0 

8 

2 

2 

8 

13 

42 

Hemoiyticus anginosus recovered 

13 

10 

11 

29 

5 

9 

18 

5 

17 

Hemolyticus infrequens recovered 

8 

3 

10 

12 

28 

2 

10 

11 

14 

Hemolytieus pyogenes recovered 

10 

7 

20 

14 

26 

0 

10 

4 

7 

Hemolyticus equinus recovered 

1 

0 

1 

2 

2 

0 

2 

0 

7 

Hemolyticus type 1 recovered 

2 

1 

1 

4 

4 

1 

5 

6 

20 

Hemolyticus type 2 recovered 

0 

0 

0 

0 

1 

0 

1 

1 

1 

Hemolytieus type 3 recovered 

0 

0 

0 

1 

0 

1 

0 

2 

3 

Nonhemolyticus ignavus recovered 

10 

20 

0 

5 

0 

13 

12 

28 

45 

Nonhemolyticus salivarius recov ered 

15 

19 

5 

13 

2 

IS 

34 

9 

18 

Nonhemolyticus fecahs recovered 

3 

5 

10 

19 

9 

28 

25 

29 

14 

Nonhemolyticus mitis recovered 

14 

7 

8 

17 

10 

25 

17 

4 

10 

Nonhemolyticus equinus recovered 

0 

0 

0 

1 

0 

6 

4 

4 

5 

Nonhemolyticus type 1 recovered 

6 

2 

1 

4 

5 

12 

16 

16 

17 

Nonhemolyticus type 2 recovered 

0 

0 

0 

0 

0 

4 

1 

1 

3 

Nonhemolyticus type 3 recovered 

0 

0 

0 

3 

0 

1 

6 

2 

3 

Strains of staphylococci recov ered 

8 

10 

1 

5 

5 

16 

8 

4 

4 

Strains of bacilli recovered 

6 

S 

5 

7 

8 

1 

10 

0 

10 

Strains of other organisms recov ered 

5 

5 

3 

0 

2 

0 

0 

0 

3 


fall and used only duiing the succeeding cool period of the same year 
As already noted, during the period from 1920 to 1921, six vaiieties 
of streptococci weie used m the vaccine, and these repiesented all but 
4 per cent of the streptococci that were recovered During the next 
period, the eight varieties that were used in the vaccine represented all 
but 11 per cent of those recovered, during the lemaining peiiods the 
vaccine consisted, respectively, of all but 16, 13 and 11 per cent of the 
types that were lecovered If it is evident, then, that after the use of 
the mixed streptococcus vaccine the fr-equency of colds and of asth- 
matic attacks associated with colds was greatly reduced for any one 
year, it must be equallv evident that during that same year some of the 
colds and asthmatic attacks were apt to be due to varieties of strep- 
tococci which were not present in the vaccine but appeared more or 
less in the sputum of the patients 
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Some of the patients who lepoited freedom from colds were not 
entirely free from them Occasionally a patient would have all of the 
symptoms of a cold foi a few hours He might retiie at night with all 
the symptoms of a severe cold but by morning all or practically all the 
symptoms would be gone Naturally the ever present streptococcus 


Table 2 — Results in Thnty-Nme Patients, Susceptible to Colds and Asthma, 
Tieated zvith Mixed Streptococcus Vaccine'^ 


1 

0 

o 

1921 

Ic 

6 

1922 

Ic 

12 

1924 

3c 

18 

1925 

ic 

18 

1926 

Ic 

12 

1927 

no tr 

2 

— 

o 

1921 

W 

12 

1922 

W 

12 

1923 

N 

24 

1925 

N 

12 

1926 

N 

12 

1927 

W 

12 

3 

— 

0 

1921 

W 

22 

1923 

W 

24 

1925 

le 

13 

1926 

W 

12 

1927 

ic 

12 




4 

— 

A 

1921 

N 

4 

1921 

N 

5 

1922 

2e 

18 

1923 

N 

14 

1925 

N 

23 

1926 

W 

18 

6 


0 

1922 

N 

14 

1923 

W 

10 

1924 

W 

13 

1925 

W 

11 

1926 

W 

12 

1927 

W 

12 

0 

c 

o 

1922 

2c 

16 

1923 

W 

14 

1925 

W 

11 

1926 

w 

12 

1927 

W 

18 




7 

— . 

c 

1922 

Ic 

24 

1924 

w 

12 

1925 

W 

12 

1926 

w 

12 

1927 

w 

12 




8 


A 

3(922 

PF 

7 

1923 

w 

12 

1924 

W 

12 

1925 

Ic 

12 

1926 

N 

12 

1927 

N 

12 

9 

— 

o 

1923 

>N 

11 

1924 

w 

15 

1925 

W 

12 

1926 

w 

12 

1927 

w 

12 




10 

— 

A 

1924 

N 

9 

1924 

N 

24 

1925 

N 

12 

1926 

N 

12 

1927 

N 

12 




11 

— 

0 

1923 

W 

12 

1924 

w 

12 

1925 

W 

12 

1926 

w 

12 

1927 

W 

12 




12 

o 

A 

1923 

W 

12 

1924 

w 

13 

1925 

N 

16 

1927 

Ic 

12 







13 

0 

A 

1923 

w 

12 

1924 

w 

13 

1925 

NT 

19 

1927 

W 

18 







14 

0 

A 

1923 

w 

12 

1924 

w 

12 

1925 

W 

12 

1926 and 1927, 

no treatment, bad colds 


15 

c 

A 

1923 

w 

10 

1924 

w 

12 

1925 

N 

8 

1926 

la 

24 







10 

o 

A 

1923 

N 

4 

1923 

w 

5 

1924 

W 

8 

1925 

PF36 







17 

— 

A 

1923 

N 

6 

1924 

N 

10 

1924 

2c 

10 

1925 

2c 

4 

1926 

ic 

18 




18 

— 

A 

1923 

w 

6 

1924 

ic 

12 

1925 

W 

12 

1926 

ic 

18 







19 


A 

1923 

ic 

10 

1923 

Ic 

10 

1924 

PF24 

1926 

N 

12 







20 

— 

A 

1922 

PFSO 

1925 

N 

10 

1920 

ic 

12 

1927 

N 

14 







21 



A 

1923 

N 

10 

1924 

N 

14 

1925 

N 

24 










22 


A 

1923 

Ic 

4 

1924 

N 

9 

1925 

4c 

36 










23 


O 

1923 

Ic 

12 

1^ 

W 

12 

1925 

W 

12 

PP Since 








24 


0 

1923 

Ic 

12 

1924 

W 

12 

1925 

W 

12 

PP since 








23 

0 

A 

1922 

N 

5 

1923 

PF22 

1925 

PFSO 










20 


0 

1923 

W 

12 

1924 

N 

24 

1926 

Ic 

24 










27 

0 

0 

1923 

N 

12 

1924 

N 

12 

1925 

PP24 










28 

0 

0 

1923 

N 

16 

1925 

W 

7 

1925 

ic 

30 










29 


A 

1923 

W 

12 

1924 

W 

12 

1925 

PFSO 










SO 


o 

1922 

W 

12 

1923 

N 

24 

1925 

W 

12 









1 

31 


A 

1922 

w 

12 

1923 

N 

48 

1927 

W 

12 










32 

o 

o 

1923 

N 

24 

1920 

W 

24 

1928 

W 

12 










33 

0 

A 

1922 

N 

9 

1923 

N 

44 

1927 

W 

12 










31 


A 

1920 

3c 

24 

1922 

N 

60 













35 


A 

1920 

N 

8 

1021 

N 

12 

1927 

W 

12 










36 

— • 

O 

1921 

W 

24 

PF since 















37 O O 1921 NG 

38 — 0 1922 NG 

39 — 0 1922 NG 


* The following explanation of symbols applies also to tables 3 and 4 O m column 2, 
Indicates a child of less than 2 years of age, a blank indicates an adult O in column 3, 
means that the patient is susceptible to colds only, A means that he has asthma associated 
only with colds The year that treatment was given appears m column 4 Beginning with 
this column, the table is divided into groups of three columns, represent (1) year, (2) results 
and (3) penod of time m months between courses of vaccine W indicates that the patient 
considered himself well as far as colds or colds and asthma were concerned, N means that 
the patient was well until the next course of vaccine was given or for the number of months 
indicated In the column to the right, Ic means that the patient had one cold only during 
that Interval, la means one attack of asthma sc means a slight cold (if it occurred in an 
asthmatic patient, it did not cause asthma), PF means that the patient considered himself 
practicallj free from colds or asthma, as compared with the years previous to treatment 


cannot be prevented from invading the mucous membranes of the nose 
and throat of persons, if the resistance of the subject is sufficient, how- 
ever, the invading organisms sooner or later will be destroyed Should 
the patient have symptoms for only a few hours, he considers himself 
free from colds, should symptoms be moderately severe and continue 
for a day or two, he usually repoits that he has a slight cold or is 
practically free from one 

Table 2 gives the data for a group of thirty-nine patients who were 
under observation for periods of from five to eight years Eleven of 
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these had been treated with five or six courses of the mixed strep- 
tococcus vaccine, eight had been given four courses, fourteen had 
received three courses and the remaindei had been given one or two 
courses Treatment of these patients began m the years from 1920 to 
1923, inclusive, and has continued ever since Twelve patients were 
less than 12 years of age when treated, the remainder weie adults 
Nineteen of the patients were susceptible only to colds, the remaining 
twenty were susceptible to asthmatic attacks only when they had colds 
In the discussion following the table, fifty-one other patients who were 
similarly treated during this period will be mentioned 

ADDITIONAL DATA FOR CASES IN TABLE 2 

Patient 1, a child who was 7 years of age when first treated, had had colds 
in his head and running ears for two years Following a course of the vaccine 
in 1921, he had one cold in six months In 1922, he was given another course 
of the vaccine with the result that he had one cold in the succeeding twelve 
months In 1924, 1925 and 1926, likewise, he was given courses of the vaccine, 
and he had, respectively, three colds in eighteen months, one cold in the next 
eighteen months, and one cold in the next twelve months In 1927, he did not 
receive the usual course of vaccine, with the result that the patient had five colds 
during a period of twelve months During treatment, therefore, this patient 
averaged one cold in six months during 1921 and 1924, one cold in twelve months 
during 1922 and 1926, and one cold in eighteen months during 1925 Previous 
to treatment he averaged many colds in twelve months During the second 
twelve months following the last course of vaccine, he had five colds but they 
were not so severe as those preceding the treatment 

Patients 2 and 3, a girl aged 14 years and her aunt, were both subject to 
colds, as noted in table 2, both were free from colds while taking treatment 
The fourth patient, a school teacher, aged 34, had been subject to asthma whenever 
she had a cold, for sixteen years As a result of treatment with vaccine in 
1921, the patient was free from colds for two periods of only four and five 
months, respectively, following treatment in 1922, she had two colds in eighteen 
months, following treatment in 1923 and 1925, fourteen and twenty-three months, 
respectively, ensued before colds and asthma returned , the patient has been 
free from colds since a treatment in 1926 

Patients 5, 6, 7 and 8, all of whom began treatment in 1922, are so similar 
to the previous group of four patients just discussed that comment is not necessary 
except to remark that the results were much better Eight other patients were 
similarly treated for a period of five j'ears or more with equally good results 
Since treatment was complicated, however, by either an autogenous vaccine or 
some protein sensitization, it is not fair to credit all benefit to the mixed strep- 
tococcus vaccine, the data for these eight patients, therefore, are not included 
in the table 

In patients 9, 10 and 11, who were given five successive courses of the vaccine, 
beginning m 1923, the results were similar, there was an average period of 
twelve months or more of freedom from colds and asthma following each course 
of vaccine Patients 12 and 13, tAvo children, a brother and sister, did exceedingly 
well following each of four courses of vaccine Their ages were 4 and 6 years, 
respectively, both had been subject to colds and asthma since the age of 2 years 
Patient 14, a child aged 5 years, had had a cold and asthmatic attack every 
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two weeks, on the average, since the age of 8 months Excellent results followed 
treatment in 1923, 1924 and 1925 In 1926, the patient moved to California, and 
treatment was discontinued Since then, she has had repeated colds in the head 
with asthmatic attacks Patient 15, a boy, aged 13 vears, averaged a cold and 
an asthmatic attack every month for nine years Following treatment he was 
free for periods of ten, twelve and eight months, respectively, in the two years 
since the last course of vaccine he has had only one attack of asthma Patient 
16, a girl, aged 11 years, had her first attack of asthma at the age of 3 months, 
each year for the past five years she had had many attacks always following a 
cold Removal of the tonsils and adenoids was of no benefit The first course of 
vaccine, in 1923, was followed by a period of four months without the occurrence 
of a cold or asthma, following the second and third courses of vaccine, the patient 
was free from cold for five months and eight months, respectively, since the last 
course of vaccine in 1925, a period of three years, she has had an occasional cold 
but not one severe enough to cause her to seek more treatment, she has not had 
asthma 

Patients 17, 18, 19 and 20 gave similar results All were adults who had had 
asthma associated with colds for periods ranging from ten to thirty years and 
averaging each year from four to as many as twelve colds and asthmatic attacks 
Each succeeding course of vaccine was followed by a longer interval of freedom 
In the case of patient 21, after each of three courses of vaccine, there were periods 
of ten, fourteen and twenty-four months, respectively, before he considered it 
necessarj to take treatment Patient 22, a woman, aged 31, had had repeated 
attacks of asthma for five years During the four months following the first 
course of vaccine in 1923, she had one cold but no asthma , after the second course 
she was free from cold and asthma for nine months After the third course in 
1925, the patient went to St John, New Brunswick, where she had lived before 
the first course of treatment She has not had asthma as before, and during a 
period of three years she has had only three colds, none severe enough to cause 
her to seek more treatment 

Patients 23 and 24 were physicians who had had numerous colds in the head 
and congestion of two frontal sinuses for years During the three years m which 
vaccine was given one cold only and no sinus trouble were reported Since the 
omission of treatment in 1926, they have had only an occasional cold which has not 
been severe In patients 25, 26, 27, 28 and 29, the results following vaccine treat- 
ment were similar Tlie average period of relief following the first two courses 
of vaccine was twelve months Following the last course each patient had com- 
parative relief for from two to two and one-half years The first patient of this 
group, 25, was a boy, aged 13 years, who had had colds and asthma since the age 
of 3 In the fall of 1927, he became sensitized to ragweed pollen which caused 
asthma at that time, during the past spring he has been treated with the pollen 
Patient 26 was a young woman who resided in Virginia and who wrote that 
“previous to the vaccine treatment I had cold after cold, but during the past six 
years while taking the three courses of vaccine I have had not more than three 
colds that amounted to anything ” Patients 27 and 28 were children, aged 6 and 1 1 
years , for two winters the former had had one cold after another in spite of removal 
of tonsils and adenoids, the latter also had frequent colds Patient 29, a man, 
aged 51, had had repeated colds followed by a hard cough and asthma of two 
weeks’ duration for three years previous to treatment He wrote that he has not 
been entirely free from colds but that they last only a few days and do not force 
him to sleep sitting up in a chair as before, he has not considered treatment 
necessary during the last thirty months 
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Patient 30, a student, did well following the three courses of vaccine but has 
not been heard from for the past two years Patients 31, 32, 33 and 34 may be 
considered together, since the results which followed treatment are similar The 
first patient of this group, 31, was a woman, aged 23, who lived m Tennessee She 
had had asthma associated with colds since childhood, four months spent in 
Canada was the longest interval of freedom Following the first course of vac- 
cine, she was well for one year, and following the second course, for four years 
Patient 32 was a girl, aged 12, who was subject to colds, cough and asthma for 
years with the exception of intervals which were spent in Cuba Patient 33 was a 
child, aged 6 years, who had a cold, cough and asthma every three or four weeks 
for three years Following the first course of vaccine in 1922, the patient was well 
for nine months Then a second course was given, and she was well for nearly 
four years when she again began to take cold easily and had two attacks of 
asthma Patient 34, a school teacher, following the first course of vaccine in 1920, 
had three colds in two years but no asthma , after the second course of vaccine she 
did not have colds or asthma for five years 

Patient 35 did well following two courses of vaccine Then, like patient 25, 
he became sensitized to ragweed pollen for which treatment was given for two 
years After the two seasons of ragweed treatment he reacted negatively to the 
pollen No treatment, therefore, was given, and the patient remained free from 
colds and asthma until the winter of 1927, when colds and asthma returned and 
another course of the vaccine was given The following four patients, although 
not clearcut enough in symptoms to present in the table, are somewhat similar to 
the last patient A man who was sensitive to timothy pollen was given treatment 
with both the pollen and the vaccine with beneficial results A boy who was 
sensitive to the hair of cats was given the vaccine with good results Two patients 
were given one or two courses of an autogenous vaccine during the several years 
that they received the mixed streptococcus vaccine These five patients, therefore, 
illustrate the importance of doing sensitization tests on patients who have asthma 
that IS associated with colds They also call attention to the advisability of using 
an autogenous vaccine whenever the patient has had a long protracted cold or 
attack of asthma After the patient has become free from symptoms, whether 
from a sensitization or a bacterial infection, it is advisable to resume the mixed 
streptococcus vaccine Further freedom from symptoms, however, after the use of 
this vaccine may be only assumed, for that reason the data for these patients are 
not presented in the table 

Patient 36, who had been susceptible to colds for years was free from colds for 
two years after a course of the vaccine He then had an operation on his nose 
During the succeeding four years he was comparatively free from colds This 
patient is presented because he illustrates a group of twelve, three of whom were 
more or less susceptible to colds only, and nine of whom had more or less fre- 
quent attacks of asthma, associated with colds in the following way After one 
series of vaccine treatments the patients were free from colds and asthma for a 
period of from nine to twelve months Then they would have another cold or 
asthmatic attack A second course of the vaccine would be followed by either 
complete or comparatively complete freedom from colds or asthma for a period 
of from three to five years Since some of these patients had had only one cold 
or asthmatic attack a year, others had not had more than two such attacks a year 
and the remainder had had attacks at irregulr intervals of time, treatment with 
vaccine cannot be given entire credit for the long periods of relief , however, most 
of the patients do give credit to the vaccine 

Patients 37, 38 and 39 were the only ones in whom treatment failed among the 
group of patients treated during the years from 1920 to 1923, inclusive All three 
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had frequent and repeated head colds, patient 37 was a girl aged 11 years, patient 
38 a woman and patient 39 a man A second course of vaccine was not tried 

During the same period tiventy-seven other patients, fifteen of whom 
were subject to colds only and twelve to colds and asthma, were treated 
for two successive years with results similar to those already mentioned 
Since it has been impossible to follow many of these cases and learn 
the ultimate results, they are not mentioned m the table They do, how- 
ever, substantiate the claim of immediate beneficial results from the use 
of the mixed streptococcus vaccine 

In table 3 are presented results for the patients who weie first treated 
in 1924, and who have been under treatment ever since, a period of four 


Table 3 — Results in Tzvenfy-Etght Patients, Tieated with Streptococcus Vaccine 
fot Foul Yeais, Beginning with 1924 
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years Thirteen of these were children, and twelve of the patients were 
susceptible only to colds Eighteen other patients are mentioned in the 
discussion 

ADDITIONAL DATA FOR CASES IN TABLE 3 

The results for the first four patients are similar in that any benefit derived 
from treatment seemed to last for only a few months, making it necessary to 
give two courses of vaccine each year Patients 1 and 4, children, aged 4 and 3 
years, respectively, were both susceptible to colds and were rarely free from 
asthmatic attacks for more than a week at a time The former lived in Kansas 
and was not benefited while in Florida or Texas Patient 2 was an adult who 
lived in Georgia and had had frequent colds, for nine years he had not been free 
from asthma for more than two weeks at a time During treatment he did not 
have severe attacks of asthma or severe colds He now considers himself prac- 
tically free from colds , about twice a year when he has a mild cold that causes 
asthma he sends for more vaccine Patient 3 who takes a course of the vaccine 
every six months has been free from asthma and colds 
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Patients 5 and 6 were adults The former who had had colds and asthma 
for SIX jears, had little trouble for six and eight months, respectively, following 
the first tw'o courses of vaccme, and for a 3 ear followung the third and fourth 
courses of vaccine The latter patient voluntarily took courses of vaccine at short 
internals and now considers himself completely cured Patient 7, a child of 8 
years, had a cold and asthmatic attack on an a\erage of e%ery three weeks for 
four y^ears, he Ined in North Carolina Patient 8 was an adult who was sus- 
ceptible only to colds Patient 9, who had had asthma, had no asthma and only 

two colds during the three years that he took treatment Durmg an intermediate 
year when he was not given treatment he had five colds that resulted m asthma 
Patient 10 was a young woman who had been susceptible to colds Patient 11 was 
a young man w^ho had asthmatic attacks associated with colds 

Patient 12 was a girl, aged 7 years, w'ho lived m New Brunswick and who was 
susceptible to colds that caused asthma During the period following each of three 
courses of vaccine giv’en during a year, the patient w'as free from colds and asthma 
Durmg the last y'ear in which no treatment was given, the patient had an occa- 
sional cold and asthmatic attack Patient 13 was mterestmg in that she was free 

from colds following treatment with vaccine while she was in this locality, but 
while in Glasgow, Scotland, she had bronchitis, laryngitis, influenza and colds 
Patient 14, a boy, aged 8 years, was free from colds for a year or more followung 
each course of the vaccine Patients 15, 16 and 17 were women who were extremely 
susceptible to colds and who seemed to obtain satisfactory results from the vaccine 
Patients 18 and 19, who were brothers, aged 7 and 5 years, respectively, had 
five or SIX colds yearly Following three successive courses of vaccine at yearly 
intervals, both of them were comparatively free from colds During a second year 
without treatment each had only one cold that was at all troublesome Patients 
20 and 21 were children who had many colds that resulted m asthmatic attacks 
The former, a boy, aged 4 years, had averaged a cold and asthmatic attack from 
every two to four weeks since he was 1 year of age The latter, a boy' aged 5, 
load had five colds and asthmatic attacks during the previous year He omitted 
treatment in 1926, and had numerous colds with asthma, the next year he had 
treatment and was well following the treatment Patients 22 and 23, adults, both 
of w’hom had had colds and asthma for eight years, were w'ell for periods of from 
one to tv o y ears follow mg courses of v accine Patients 24 and 25 w ere boy s, aged 
4 and 8 y ears, v ho av eraged a cold and asthmatic attack ev ery six or eight w eeks 
durmg the previous two or more years The first patient was free from colds and 
asthma follov mg the first course of vaccine, following a second course he was 
practically free for three years, after which colds and asthma returned, after a 
third course of vaccine he was well for a year The second patient obtained good 
results for periods of from ten to fifteen months followmg each course of vaccme 
Patients 26 and 27 were boys, aged 2 and 10 years, respectively Since the age 
of 9 months, the former had had a cold wuth asthma every three or four months, 
the latter was subject only to colds After one course of v'accme, neither patient 
had colas or astnma for two years, without treatment, both were practically free 
from colds during the subsequent two years Three other patients, all adults, 
deserve mention in that following one course of vaccme in 1924, they' were free 
from colds for periods of thirty , thirty -four and thirty'-six months, respectiv ely , all 
reported for treatment again in 1927, and so far have been well In these three 
cases, however, the patients had not had a suSicient number of colds to justify their 
inclusion in the table Eleven other patients, seven of whom w'ere subject to fre- 
quent asthmatic colds and the other four to frequent colds, should be mentioned 
because each was treated with the vaccine for two successive y'ears with results as 
good as those alreadv reported, these cases however have not been followed 
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during the last two years Four other adults, three of whom were subject to fre- 
quent colds and asthmatic attacks and one to colds only, all receiving only one or 
two courses of vaccine, report that the frequencj’’, severity and duration of colds 
have been greatly reduced, so much so that they feel that further treatment is at 
present not needed Patient 28 was the only one among the patients who began 
the treatment m 1924 m whose case the treatment failed 

In table 4 the lesults lor thirty patients aie piesented who began 
treatment in 1925, and who weie tieated or undei obseivation foi the 
following three yeais Twelve of this gioup were children, eleven were 
susceptible to colds only In the discussion of table 4, twenty other cases 
are mentioned 


Table 4 — Results tn Thirty Patients Tieated unth Sti eptococcus Vaccine for 
TJiiee Yeais, Beginning with 1925 
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ADDITIONAL DATA FOR CASES IN TABLE 4 

The first five patients may be described together They are similar in that all 
had a recurrence of colds and requested treatment of eight or nine months after 
the previous course of vaccine Patients 1 and 5 were children and the other three 
were adults , all, with the exception of patient 3, had asthma associated with colds 
for periods ranging from two to nineteen years Patient 4, a boy, aged 4 years, 
began to have colds, bronchitis and asthma at the age of 1 month Patient 3 had 
colds only with every change of the weather, which was rather variable m his 
locality Patients 6, 7 and 8 obtained considerable benefit from the first course of 
vaccine, after each of the other two courses they were free from colds for a year 
or longer Patient 6 was an adult who has had asthma associated with colds for 
twenty-four years Patient 7, a boy, aged 8 years, had attacks of asthma with 
colds on an average of every four or five weeks for four years, following whooping 
cough Patient 8 is an adult who was subject only to colds 

Patients 9 to 18, inclusive, may be grouped together All were either com- 
paratively or entirely free from colds during the three years in which they received 
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treatment Patient 10, a bo}', aged 12 years, had had a cold with asthma every 
few weeks for years, patient 12, a boy, aged 4 years, had had colds and asthma 
for two years, during the year 1927, when treatment was omitted, he averaged a 
cold every two months, patient 13 was a girl, aged 7 years, who had had colds 
and asthma since she was 1 j'ear of age, patient 16, a boy, aged 7 years, com- 
plained of having colds all of the time The remaining patients in this group were 
adults Patient 11 had had frequent colds and attacks of bronchitis for twenty 
years, patients 14, IS and 17 had been extremely susceptible to colds for five 
years Patient 18, who had had asthma associated with colds for years, requests 
the vaccine each fall, even though free from symptoms 

Patient 19, a boy, 3j^ years of age, had had four colds and asthmatic attacks 
a year before treatment, after treatment for the last three years, he had had 
only one cold a year, which was not serious Patient 20, a boy, aged 6 )’^ears, 
had colds, bronchitis and asthmatic symptoms, follownig each of two courses of 
vaccine he was comparatively free from these conditions for a year When he 
presented himself for a third course of treatment, he was having such a prolonged 
attack of bronchitis that an autogenous vaccine was deemed advisable Patient 

21, a man, aged 52, had had frequent colds as long as he could remember Patient 

22, a woman, aged 62, had had asthma all her life , during each series of vaccine 
treatment the asthma would cease and would not return for a period of ten or more 
months Patient 23, a girl, aged 3 years, had had asthmatic attacks associated with 
colds for the last ten years , during the two years that she was treated she had only 
three slight attacks, further treatment, therefore, was not requested During the 
next year, however, when treatment was not given, the patient had croup, bronchial 
pneumonia and asthmatic colds Patient 24, a boy, aged 6 years, had a cold every 
two or three weeks for two or more years During the three years that he was 
given three courses of vaccine he had three slight colds 

Patients 25, 26 and 27 were given onl}’- two courses of the vaccine Patient 25, 
a girl, aged 6 3'ears, had had colds with wheezing spells and a severe cough since 
the age of 9 months After the first course of vaccine she was free from colds for 
ten months, and since the last vaccine was given two years before this article was 
written, she has been well Patient 26, a man, aged 52 years, was extremely 
susceptible to colds After the first course of vaccine he was free from colds for 
two years Then with the first cold he had another course of vaccine and has been 
free from colds since then Patient 27, a boy, aged 13 j^ears, had had asthma with 
colds since the age of 2 3'ears, following whooping cough After the first course 
of vaccine he did not have colds or asthma for two years , then he had two colds 
in one month and reported for treatment After the last course of vaccine he had 
not had colds or asthma 

Patient 28, the mother of patient 27, was subject to frequent head colds, but 
these have not recurred after one course of vaccine Patient 29, a woman, had attacks 
of asthma associated with colds every few weeks for three 3’^ears After one 
course of vaccine she has been so free from colds and asthma that she feels that 
another course of treatment is not necessary The results in eight other patients, 
five of whom are children, and three of whom were subject only to colds were 
similar to the last patient in that, following one course of vaccine, the patients have 
all been comparatively free from colds and asthma, further treatment, in fact, has 
not been requested Since their colds and asthmatic attacks were at more infre- 
quent and irregular intervals in the past, data for these patients were not included 
in the table For the same reason, those for five other patients who had a course 
of vaccine for each of the last three 3 ears with good results were not included m 
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the table Seven other patients were treated with equally good results for two 
successive years but were not followed up The only failure in the series of 
patients treated in 1925 occurred in patient 30, an adult who was extremely sus- 
ceptible to colds in the head 

COMMENT 

A total of 312 comses of vaccine weie given to the 97 patients con- 
ceining whom data are lecoided in the tables In 22 instances 
there was fieedom from colds and fiom asthma associated with colds 
for SIX months oi less , m 28 instances for from seven to nine 
months, inclusive, in 124 instances, foi fiom ten to twelve months, 
inclusive, and in 20 instances foi fiom thiiteen to eighteen months 
In 13 instances, patients weie fiee from colds foi two years after 
one course of vaccine, 5 patients weie free fiom colds for three or 
more years In other woids, in 67 instances, or 21 per cent of this 
gioup of patients, theie was freedom foi less than one year from colds 
or colds that caused asthma, one third of these patients weie free from 
these conditions for ten or eleven months In 111 instances, or 36 per 
cent, there was freedom from colds toi one year, m 42 instances, or 
13 per cent, for more than one year. 

There are two leasons why such a laige number, namely. 111 
patients, took the treatment again at the end of a year One reason is 
that, as alieady stated, the new constituents of the vaccine or the pre- 
vailing types of streptococci are determined .every fall, and until sufficient 
time has elapsed to justify the composition of the vaccine not many 
patients are given the treatment Consequently, each year many more 
patients are started on the treatment duiing October and November than 
at any other time , since patients ai e advised to begin the vaccine treat- 
ment at that time, a large number of patients take the vaccine every fall 
whether they need it or not The second reason is that each fall the 
prevailing types of streptococci are somewhat diffeient from those of the 
preceding fall , colds are being caused by these new oi different varieties 
with which treatment either has never been given or not for at least 
two years The second reason applies also to many instances when a 
cold occurred within a year after the vaccine treatment Many of these 
patients began the use of vaccine in the middle of the winter or even 
in the spring of the first year of treatment Consequently they were 
protected only until the succeeding fall when a different type of vaccine 
was indicated 

Because of the two foregoing reasons, it is difficult to judge the per- 
manence of the beneficial effects of the vaccine The fact that of 111 
patients who were free from colds or colds and asthma for a year, were 
still free from colds and did not need treatment at the end of the year, 
shows that if the vaccine is given in the fall, its beneficial effects lasts 
for a year m most instances The peiiod of freedom from colds was 
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shorter m only 63 instances, and this was partly offset by the fact that 
42 patients were free from colds foi more than one year 

Thirty-five of the 312 courses of vaccine resulted in practical free- 
dom from colds or colds and asthma Ten of these patients were prac- 
tically free from colds foi intervals of from six to ten months, 10 
others, for a year, 15 for fifteen oi more months, and 11 of these 15, for 
two or more years The fact that there were as many instances in which 
benefit lasted for a year as for less than a year, and that one-half as 
many patients were benefited for more than a year, shows further that 
the beneficial effect of the vaccine lasts for a year, at least in a large 
percentage of the cases, when given in the fall 

In 38 of the 312 cases a cold or an attack of asthma with a cold 
occurred between two courses of vaccine In 12 instances there was a 
cold during the interim of from four to eleven months, in 18 instances 
theie was a cold during the interim of a year, and in 8 instances, one 
during an interim of from eighteen to twent 3 '’-four months A cold 
occurred in a year, therefore, in one and one-half as many instances as 
in less than a year , in two-thirds as man}”- instances, there was one cold 
m an interim of eighteen or more months This is additional evidence 
that the vaccine should be expected to have a beneficial effect for a year 
if it is given 111 the fall 

The last two paragi aphs contained a general discussion of the results 
of the vaccine treatment without any consideration of the individual 
patient A general discussion of the patients and the results obtained 
follows 

In 43 of the cases presented in the tables the patients were susceptible 
only to colds Eight of these patients were free from colds throughout 
the entire period of observation, lasting foi from four to eight years, 
10 patients had only one cold duiing this time, 1 had two colds, 1 had a 
cold following each of two courses of vaccine, 11 were free from colds 
for periods of a year oi more before a cold developed which led them 
to report for more treatment, 3 were practically free from symptoms 
for a year, 2 had a return of colds in an interval of less than a year after 
treatment, 2 others had a cold every six or nine months and 5 were 
not benefited b)'^ the one com se of vaccine they received In other words, 
44 per cent of the patients who were susceptible only to colds weie free 
from colds for one year oi moie following each course of vaccine, 23 
per cent of the remainder had only one cold during the several years in 
which they were undei treatment, 11 per cent were failures and the 
remaining 22 per cent had considerable lelief vaiying from practical 
freedom from colds for a year to fieedom for periods of six months or 
more 

Ten of the 54 patients who had asthma associated only with colds 
were free from colds and asthma for one year or more following each 
course of vaccine, 7 others needed treatment at the end of a year. 
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3 patients had either one cold or one attack of asthma, and 3 others 
had eithei two colds or two attacks of asthma during the several years 
in which they were under treatment, 7 were practically free from colds 
and asthma for yearly periods , 9 were free for periods of from six to 
nine months before treatment was repeated , 4 who were free for a few 
months following one course of vaccine were free for two or more 
years following a second course, and the remaining patients showed 
results too diversified to classify 

In other words, 39 per cent of the patients who suffered from 
repeated colds and asthma were free from these conditions for a year 
or more after each course of vaccine, another 24 per cent either were 
practically free or had only one or two colds during the period of 
treatment, 16 per cent required treatment at intervals of from six to 
nine months and the remaining 29 per cent received benefit for intervals 
which varied too much to classify 

A summary of the 97 cases reveals that 37 per cent of the patients 
were free from colds for a year or more following each course of vac- 
cine throughout the period of treatment which lasted from four to eight 
years, 13 per cent had only one cold during seveial years of treatment, 
another 13 per cent were practically free from colds, 11 per cent were 
relieved for periods of less than a year after each course of treatment, 
there were failures m 5 per cent, and the remaining 1 per cent were 
relieved for intervals varying from six months to two or more years 
following a course of vaccine In other words, the treatment failed 
m 5 per cent of the patients, in another 11 per cent, although not 
failures, did not show so permanent a benefit as was desirable, m the 
remaining 84 per cent, however, theie was freedom or comparative 
freedom from colds and from colds associated with asthma for periods 
of a yeai or more following each couise of vaccine 

Thirty-seven of the 97 patients presented in the tables were children, 
and 60 were adults Twelve of the 37 children were susceptible to colds 
only Ten of these weie free for a year or more following each course 
of vaccine, the others needed treatment more often than once a year 
The other 25 children weie susceptible to colds that caused asthma, 
14 of these were fiee from colds and asthma for a period of a year or 
more following each couise of vaccine, 6 others either were practically 
free from colds or had only one cold or asthmatic attack during the 
several years of treatment, and the remaining 5 children were free 
from colds for less than a year following some of the courses of vac- 
cine Therefore, the children who were susceptible only to colds 
received much more benefit from the treatment than those who had 
asthma associated with colds, although all but one of the patients with 
asthma weie greatly benefited 

Thirty-two of the 60 adults were susceptible only to colds, and 
the remaining 28 had asthma with colds Nineteen of the 32 patients 
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who had colds only were fiee from them for periods of one }ear or 
more, 7 patients had one cold during the several years of treatment, 
in 2 patients, the interval between colds was less than one year, and in 
4 patients the tieatment failed By the process of exclusion it is evi- 
dent that, except for the 4 failuies, the patients who were susceptible 
only to colds derived more lasting beneficial elfects from the vaccine 
than did those who had asthma with colds 

Thus, the vaccine seemed to give the best results in children who 
were susceptible to colds only and the least benefit to adults Avho had 
asthma associated with colds With childien who had asthma with 
colds and with adults who were susceptible to colds only, the results 
were considerably better than those obtained in adult patients who had 
asthma with colds 

More of the patients lived in Massachusetts than in any othei state , 
however, a sufficient number lived in Maine, New Hampshire, Rhode 
Island and Connecticut to justify the statement that the vaccine gave 
equally good results thioughout the New England states Two patients 
lived in Minnesota, two in New Brunswick and one each in Virginia, 
West Virginia, Tennessee, Georgia, Noith Carolina and Kansas, none 
of these patients was among the failures 

A few of the childien who seemed to be protected from colds had 
measles, whooping cough, chickenpox and scarlet fever This is 
evidence that the symptoms of a common cold which precede these dis- 
eases aie early symptoms of the infectious disease itself lather than of 
a common cold which predisposes to the disease This would seem to 
be tiue also of the few adults who had pneumonia and influenza 

SUMMARY AND CONCLUSIONS 

The results secured when 97 patients who weie subject to colds 
were treated with mixed sti eptococcus vaccine aie discussed in detail 
Previous to treatment 43 of the patients weie subject to foui or more 
colds a year, and 54 were subject to four or more attacks of asthma 
which were always associated with colds The patients were tieated 
periodically with a vaccine consisting of the most prevalent types of 
streptococci for each respective period Thirt 3 ’--nine patients were 
treated or were under observation for five oi moi e j'^ears , 28 others, 
for four years, and 30 others, for thiee yeais 

Eighteen per cent of the patients were free from colds and asthma 
associated with colds, 12 pei cent were piactically free, 19 per cent 
had only one or two colds during the period of from three to five or 
more years that they were treated or under observation, and 10 per 
cent were free from colds for a year or more following each course of 
vaccine Therefore, 59 per cent of the patients obtained either freedom 
or comparative freedom from colds and asthmatic colds for periods 
of a year or more following each course of vaccine 
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Sixteen pei cent of the patients lequned a couise of •vaccine 
of teller than once a yeai , then fieedom fioni colds vaiied fiom six 
to eleven months aftei each couise of tieatment In 20 pei cent of 
the patients the lesults lepiesented some combination of those alieady 
mentioned and "weie too complex to classify, foi example, following 
the fiist couise of vaccine the patient might be fiee fioni colds foi 
months, following anothei, piactically fiee foi a yeai, and following a 
thud, entirely fiee foi a yeai oi moie In 36 per cent of the patients, 
theiefore, the lesults "vveie satisfactoiy for peiiods of moie oi less than 
a year, and the fiequency of colds was i educed by 50 oi 75 pei cent 
Five pel cent of the cases m which the patients did not show any 
benefit following the couise of vaccine aie called failuies 

Each yeai the vaccine consisted of those stieptococci which rep- 
lesented between 85 and 90 per cent of the prevailing types It is 
possible, then, that other vaiieties of stieptococci, which weie less prev- 
alent and yet compiised fiom 10 to 15 per cent of those encountered, 
could cause colds m patients who weie not entnely fiee fiom colds 
A later paper will piesent evidence that this is the case, also that 
Staphylococcus pyogcucs-am eus sometimes seems to be a cause of colds 
In addition to the 97 cases piesented in the tables and discussed m 
detail, 89 othei similar cases m which the patients weie similaily 
tieated, aie mentioned m the discussion Since it was not possible to 
follow up some of the patients foi moie than two or thiee yeais, and 
since the others were subject to colds at less fieqiient and moie iiiegu- 
lai mteivals, it is difficult to deteimme the extent and duiation of pro- 
tection fiom colds However, since as far as it was possible to follow 
these patients, the lesults, which weie satisfactoiy and did not include 
any failuies, substantiates those piesented in detail 

Since the pievalence of the various types of stieptococci vanes fiom 
year to year, it is advisable constantly to study the sputum and the nasal 
secietions of patients with colds It is essential to do so each fall in 
order to know the pi evading varieties of stieptococci for the ensuing 
cold period of the yeai , m othei woids, the same combination of 
vaiieties of stieptococci does not suffice for moie than one year 

Each fall, m the New England states, the admmisti ation of a vaccine 
consisting of the varieties of streptococci that are most prevalent at that 
time seems to i educe greatly the susceptibility to colds during the fall, 
wmtei and spimg 

It seems advisable to administer such a vaccine each fall The 
varieties of streptococci vary m their pievalence from yeai to yeai, 
thus necessitating constant study and yearly changes in the composition 
of the vaccine 
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The regulatory mechanism of the secretion of the digestive juices 
was obscure until recently Naunyn ^ proved that puncture diabetes 
(Piqure diabetes) has an inhibitory influence on the secretion of bile 
He attributed the inhibitory effect to the alteration of blood pressure 
in the liver The classic experiments of Bayliss and Starling - showed, 
in a striking way, that the secretory glands of the pancreas can be 
excited to activity through influences that leach them by humoral, as 
well as by nervous channels They showed that when dilute acid acts 
on the duodenal mucosa, a substance, secretin, is formed that can 
accelerate the flow of pancreatic juice even when all nervous connec- 
tions with the secretory gland are severed They reach the conclusion 
that such a mechanism is involved normally in the production of pan- 
creatic secretion Edkins ® found that extracts of pyloric mucous mem- 
brane contain a substance that causes the secretion of a ceitain amount 
of gastric juice, if injected into the jugular vein The noimal gastric 
secretion is therefore due to the cooperation of two factors The first 
and most important is a nervous stimulus determined through the vagus 
nerves by stimulation of the mucous membrane of the mouth or by the 
arousing of appetite in the higher centers of the brain The second fac- 
tor, which provides for the continued secretion of gastric juice long 
after the mental effects of a meal have disappeaied, is a chemical proc- 
ess, depending on the production in the pyloric mucous membrane of 
a specific substance, oi hoimone, gastric secretin or gastrin that. 

Submitted for publication, Sept 28, 1928 

From the Medical Clinic of Prof R Inada, Imperial University of Tokyo 

*A Preliminary Report was made by Okada, S , Kuramochi, K, and Tsuka- 
hara, T The Humoro-Neural Regulation of the Gastric, Pancreatic and Biliari 
Secretions, Proc Imperial Acad Tokyo 4 178 (April 12) 1928 

1 Naunyn, B Beitrage zur Lehre vom Diabetes Mellitus, Arch f evper 
Path u Pharmakol 3 325, 1875 

2 Bayliss, W M , and Starling, E H The Mechanism of Pancreatic 
Secretion, J Physiol 28 325, 1902 

3 Edkins, J S The Chemical Mechanism of Gastric Secretion, J Physiol 
34 133, 1906 
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acting as a chemical messenger to all parts of the stomach, is absorbed 
into the blood and causes activity of the various secreting cells m the 
gastric glands Benedicenti ^ noticed that the secretion of pancreatic 
juice in a dog provided with a fistula was inhibited by injections of 
epinephrine hydrochloride, and Glaessner and Pick ® proved later that 
this secretion is thoroughly stopped by the injection of a large dose of 
epinephrine hydrochloride The inhibitory influence of epinephrine or 
of suprarenal extracts on the pancreatic secretion was further demon- 
strated by Rogers and his associates ® and by us ’’ Rogers and his 
associates found that the noncoagulable part of watery extracts of liver, 
when injected subcutaneously into a dog, caused a rapid increase of 
pancreatic secretion, while injections of extracts of the thyroid and 
the thymus caused only a slight increase As to the influence of 
epmephnne on the secretion of bile, Langley® and Alpern® thought 
that It had an excitatory influence, but Ott and Scott,^° Dawns and 
Eddy,^^ Neubauer,^® Kusakabe,’-® Adachi and Sakurai observed that 
it caused, in general, a decrease of the secretion of bile The effect of 
epinepiirme on the secretion of gastnc juices has also been studied 

4 Benedicenti Gior d r Accad di med di Torino, 1906 , cited by Glaessner 
and Pick (footnote 5) 

5 Glaessner, K, and Pick, E P Untersuchungen uber die gegenseitige 
Eeeinflussung von Pankreas and Nebennieren, Ztschr f exper Path u Therap 
€ 313, 1509 

6 Rogers, J , Rahe, J M , Fowcett, G G , and Hackett, G S The Effects 
of the Subcutaneous Injection of Organ Extracts upon the Flow of Pancreatic 
Secretion, Am J Physiol 40 12, 1918 

7 Okada, S , Sakurai, E , Imazu, T , and Kuramochi, K Studies on the 
Pancreatic Function, Nippon Naika Gakkai Zasshi 15 381, 1927 

8 Langley, J N Observations on the Ph> siological Action of Extracts of 
the Suprarenal Bodies, J Physiol 27 237, 1901 

9 Alpern, D Zur Frage der Wechselbeziehungen zwischen innerer und 
ausserer Sekretion II Ueber den Einfluss einiger Hormone und proteogener 
Amine auf die Gallenabsonderungsfahigkeit der Leber, Biochem Ztschr 137 
507, 1923 

10 Ott, J , and Scott, J C The Action of Animal Extracts upon the Flow 
of Bile, Proc Soc Exper Biol & Med 13 12, 1915 

11 Dawns, W A, and Eddy, N B The Influence of Internal Secretions on 
the Formation of Bile, Am J Physiol 48 192, 1919 

12 Neubauer, E Beitrage zur Kenntnis der Gallensekretion I, Biochem 
Ztschr 109 82, 1920 

13 Kusakabe, S The Influence of Th>roid Extract on the Secretion of Bile, 
Nippon Naika Gakkai Zasshi 10 484, 1922 

14 Adachi, A Beobachtungen uber die Wirkung von Acetylcholm, Pilo- 
carpm, Atropm, Kalmmchlond, Adrenalin, Calciumchlorid und Nicotin auf die 
Gallenausscheidung am Gallenblasenfistel-Hunde, Biochem Ztschr 140 185, 1923 

15 Sakurai, E Experimentelle Untersuchungen uber den Einfluss von 
Insulin, etc , auf die Gallensekretion, Proc Imperial Acad 2 185, 1926 



448 


ARCHIVES OF INTERNAL MEDICINE 


Yulcawa found that the intravenous or oral administration of 
epinephrine in small doses caused an increase of gastric secietion in a dog 
with a small stomach of Pavlov An excitatoi}'^ influence was also reported 
by Loeper and Veipyd" Lim/® Ivy and Mcllvyn and Ivy and Javois 
with use of vanous methods of administration On the other hand^ 
Hess and Gundlach,^^ Rothhn and Fuse found a remarkable 
inhibition of the secretion on administration of epinephime Sirotinmy* 
using Heidenhain’s isolated small stomach to exclude all the inhibitory 
influence, found, with and without feeding, on subcutaneous injection of 
epinephrine, an inciease of from one and a half to two times the normal 
amount of secietion After the discovery of insulin, there arose a new 
theory as to the action of this hormone on the secretion of the digestive 
juices Collazo and Dobreff found that insulin had an excitatory 
influence on the pancreatic secretion This was confirmed by Ono,^° by 
Yoshida,®’’ by Aiima,-® by us and by others, though Lambert and 

16 Yukawa, G Khnisch-expenmentelle Untersuchungen der Adrenalin- 
wirkung auf die Magendrusen, Arch f Verdauungskr 14 166, 1908 

17 Loeper and Verpy L’adrenaline sur le tractus digestif, Compt rend Soc 
de biol 80 703, 1917 

18 Lim, R K S The Question of Gastric Hormone, Quart J Exper. 
Physiol 13 79, 1922 

19 Ivy, A C, and Mcllvyn, G B The Excitation of Gastric Secretion by 
Application of Substances to the Duodenal and Jejunal Mucosa, Am J Physiol 
67 124, 1923 

20 Ivy, A C, and Javois, A J Contributions to the Physiology of Gastric 
Secretion VI The Stimulation of Gastric Secretion by Amines and Other Sub- 
stances, Am J Physiol 71 604, 1925 

21 Hess, W R , and Gundlach, R Der Emfluss des Adrenalins auf die 
Sekretion des Magensaftes, Arch f d ges Physiol 185 122, 1920 

22 Rothhn Communication, Internal Physiol Congress, Pans, 1920, cited 
from Lim (footnote 18) 

23 Fuse, Y Studien uber die Magensafte III Ueber den Emfluss von 
Adrenalin auf die Sekretion des Magensaftes, Mitt d med Gesellsch Chiba 
6 185, 1928 

24 Sirotinin, G W Ueber die Wirkung des Adrenalins auf die Sekretion des 
Magensaftes aus dem nach Heidenhain isolierten kleinen Magendes Hundes, Ztschr 
f d ges exper Med 40 90, 1924 

25 Collazo, J A , and Dobreff, M Die Beeinflussung der ausseren Sekretion 
des Pankreas durch Insulin nebst einer Bemerkung uber die Wirkung desselben 
auf die Harnausscheidung, Munchen med Wchnschr 71 1678, 1924 

26 Ono, J Ueber die Beeinflussung der ausseren Sekretion des Pankreas 
durch Insulin, Verhandl d Japan Gesellsch f inn Med 23 77, 1926 

27 Yoshida, T Untersuchungen an Menschen uber den Emfluss des Insulins 
auf die aussere Sekretion des Pankreas, Verhandl d Japan Gesellsch f inn Med, 
23 77, 1926 

28 Anma, E Ueber den Emfluss des Insulins auf das Pankreas, Verhandl 
d Japan Gesellsch f inn Med 23 78, 1926 

29 Footnote 7 Gyotoku, K, and Kuramochi, K The Influence of Insulin 
on the External Secretion of Pancreas, Mitt d med Gesellsch, Tokyo 41, 
3231, 1927 
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Heimann®° obtained only negative lesults Biugsch and Horsteis^^ 
found that insulin caused an inci eased secretion of bile DobrefC,®“ 
Sakurai/® Nitzescu®^ and others confirmed this Detie and Sivo,^"* 
Terashima/® Fernando and De Caivalho®° and otheis demonstrated 
that insulin is a vigorous excitant of gastric secietion, though Collazo 
and Dobreff found quite the contiary result 

Extracts of vaiious tissues weie also investigated by vaiious work- 
ers as to influence on the secretion of the digestive juices The results, 
in general, were not so remaikable and unanimous, however, as those 
found with the use of epinephiine and insulin 

In view of the foregoing data, it might be consideied, in general, that 
epinephiine inhibits the secretion of digestive juices and that insulin 
acceleiates it The mechanism of this mhibitoiy and excitatory 
action, however, is unknown The purpose of this study was to solve, 
so far as possible, the modus opeiandi of the regulatory mechanism of 
the secietion of the digestive juices, so necessary for the welfaie of man 
and animals 

METHODS 

The activity of the secretion of pancreatic juice was shown by multiplying 
the amount of each half hour specimen by the enzymatic activity, which was 
determined by the method described in the first paper of this series The esti- 
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20:661, 1924 
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Insulins auf die aussere Sekretion der Verdauungsdrusen II Ueber den Einfluss 
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95 773, 1926 
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38 Okada, S , Sakurai, E , Imazu, T , and Kuramochi, K Pancreatic 
Function I The Quantitative Estimation of Pancreatic Secretion, Arch Int 
Med 42 270 (Aug ) 1928 
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mation of the activity of the secretion of bile was carried out by determining 
the amount of bile pigment in each half hour specimen, in the manner described 
in the first paper For the estimation of the content of bile acids in the duodenal 
return, we employed Hay’s sulphur flower test,“° which, though not so precise 
as might be wished, still gave results sufficiently consistent for practical purposes 
The duodenal return was diluted until granules of depurated sulphur did not 
sink to the bottom The measure of this dilution is mentioned as the “bile acids 
number ” This number was multiplied by the amount of each half hour specimen 
and indicated as the degree of secretion of bile acids The gastric juice was 
collected every fifteen minutes by continuous suction through the Rehfuss tube 
being used The presence of free hydrochloric acid was tested for with congo 
paper, and the total acidity was estimated with phenolphthalein as indicator The 
peptic activity was estimated by Fuld and Levison’s edestin method The blood 
sugar content was estimated partly by Bang’s new micromethod “ and partly by 
Hagedorn and Jensen’s method 


EXPERIMENTS 

At first, It seemed necessary to try an experiment as to whether 
insulin in reality provokes gastric, pancreatic and biliary secretions and 
whether epinephrine inhibits them We passed one tube into the 
stomach (in human subjects) and another tube into the duodenum, 
and, after a hypodermic injection of insulin or of epinephrine hydro- 
chloride, collected the gastric and the duodenal contents simultaneously 
and analyzed the collected juices The results confirmed the prevailing 
data except as to the influence of epinephrine on the gastric secretion, 
which was not so decisive We also found that ephedrine has an 
inhibitory influence on the secretion of the digestive juices The 
increased secretion of the gastric and of the pancreatic juices after an 
injection of insulin was manifest both in the amounts and in the con- 
centrations These results weie especially marked when a pronounced 
hypoglycemia occurred, following almost parallel to this, but were 
nearly negative when hypoglycemia failed The decrease of the secre- 
tion of these juices after the injection of epinephrine went paiallel with 
the hyperglycemia, and was followed by an increase of secretion when 
a reactive hj^poglycemia occurred 

39 Hay, cited by Lowenberg, W , Nauenberg, W , and Noah G Ver- 
gleichende Leberfunktionsprufungen, Klin Wchnschr 6 445, 1927, and bv 
Lepehne Vergleichende Untersuchungen uber den Bilirubin- und Gallensaure- 
stoffwechsel beim Lebergesunden, Leberkranken und Neugeborenen, ibid 1 2031, 
1922 

40 Fuld, E , and Levison, L A Die Pepsinbestimmung mittels der Edestin- 
probe, Biochem Ztschr 6 473, 1907 

41 Bang, I Mikromethoden zur Blutzuckeruntersuchung, Afunich and 
Wiesbaden, J F Bergmann, 1922 

42 Hagedorn, H C, and Jensen, B N Zur Mikrobestimmung des Blut- 
zuckers mittels Ferncyanid, Biochem Ztschr 135 46, 1923 , Die Ferncyanid- 
methode zur Blutzuckerbestimmung II, ibid 137 92, 1923 
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As the gastric secretion is profuse after an injection of insulin, the 
stimulating influence on the pancreatic secretion might be induced, 
partly at least, by the secretin mechanism It seemed necessary, there- 
fore, to decide whether there is also a primary stimulation To solve 
this problem, we made observations on patients with achylia gastnca, but 
we encountered difflculty when marked hypoglycemia occurred , for this, 
in most cases of achylia gastnca, caused a profuse secretion of gastric 

Table 1 — Results of the Analyses of the Contents of the Stomaeh and the Duo- 
denum of a Man, Aged 22 A, When Stwwlants of Secietwn Had Not 

Been Administered 


Duodenal Return 


Times 


Gastric 

r 

Trypsin 

Amylase 

Lipase 



at Which 


Juice 


Kilo- 

Kilo 

Kilo- 

Bile 

Bile 

Specimens 

Blood 

/ 

A ^ 

Amount 

TJnits 

Units 

Units 

Pigment 

Acids 

Were 

Sugar, 


Total 

of 

(Amount 

('V.mount 

(Amount 

(Dilution 

(Dilution 

Collected, 

per 

Free Acid 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

HCl 

ifcy 

Cc 

Activity) 

Activitj) 

Activity) 

Amount) 

Amount) 

% 


35 

43 







% 




410 

13,120 

23,452 

46,740 

2,665 

22,550 

% 


45 

54 







1 


58 

64 

33 0 

6,600 

15,708 

30,300 

2,310 

17,150 

1% 


51 

58 







1% 


42 

53 

21 0 

6,720 

1,848 

21,672 

1,050 

10,500 

1% 


43 

48 







2 


62 

74 

75 

3,750 

5,010 

7,050 

450 

5,250 



0-t 

72 







2V2 


49 

58 

220 

11,000 

15,135 

25,080 

2,140 

16,500 



64 

72 







S 


100 

106 

29 0 

14,500 

21,721 

24,360 

1,450 

14,500 

Total 




153 5 

55,690 

82,875 

161,202 

9,995 

86,450 


B Following a Hypodermic Injection of Insulin (Toionto), 10 Units’^ 


Pasting 

0 086 

64 

09 

20 0 

6,400 

8,160 

16,000 

4,080 

39,000 

Following an 










Injection of 










msulm 










V4. 


24 

31 







% 

0 078 

78 

82 

60 

1,200 

3,546 

2,340 

828 

9,300 

% 


75 

81 







1 

0 069 

103 

lOS 

29 5 

23,700 

67,585 

33,630 

15,340 

103,250 

1^ 


121 

125 







Pfz 

0 044 

124 

131 

55 0 

27,500 

90,475 

35,200 

9,680 

68,750 

1% 


119 

123 







2 

0 036 

103 

113 

38 5 

19,250 

31,300 

17,248 

5,852 

46,200 

2% 


126 

130 







2% 

0 053 

127 

133 

315 

15,750 

58,653 

7,434 

5,040 

37,800 

2% 


101 

112 







3 

0 034 

44 

48 

310 

15,500 

33,790 

S,76t 

4,960 

33,750 

Total 




1915 

102,800 

285,349 

140,018 

41,700 

304,050 


* In this and following tables one example is shown, though the same experiment was tried 
many times until we were confident of the results 


juice rich m free hydrochloric acid (as shown in table 2) Finally, we 
discovered cases of cancer of the stomach in which, after an injection of 
insulin, the gastric juice remained alkaline during the course of the 
collection, and we then were able to show a marked increase in pan- 
creatic and biliary secretions Theiefore, it was proved that insulin 
stimulates primarily the pancreatic and biliary secretions It was most 
important then to decide whether hypoglycemia and the increased secre- 
tion of the digestive juices are induced independently by insulin, oi 
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Table 2 — Results of the Analyses of the Contents of the Dnodemm of a Man, 
Aged 20, with Achylia Cast? tea A, When Stimulants of 
Secietion Weic Not Admmistcicd 


Duodenal Return 

A.- 


Times at Whieh 
Specimens Were 
OoUeeted, 

Hours 

Blood 

Sugar, 

per 

Cent 

Gastnc 

Juice 

K 

Trypsin 

Kilo- 

Amount Units 

Amjlase 

Kilo 

Units 

(Amount 

X 

Activity) 

Lipase 

Kilo- 

Units 

(Amount 

X 

Activity) 

Bile 

Higment 

(Dilution 

X 

Amount) 

r 

Hree 

HCl 

Total 

Acidity 

vrx 

Juice, 

Cc 

X 

Activity) 

% 




63 0 

26,500 

78,228 

85,330 

901 

1 




30 0 

24,000 

46,710 

96,600 

7,800 

IV 2 




23 0 

28,760 

40,020 

67.040 

7,360 

2 




10 

320 

1,319 

1,160 

48 

2% 




35 

1,120 

6,265 

1,107 

25 

3 




00 

4,500 

16,920 

7,020 

415 

Total 




119 5 

83,190 

189,462 

248,337 

16,549 

B Following 

a Hypodcimic Injection 

of Insulin 

(Tot onto), 11 Units 

Hasting 

Hollowing an in- 
jection of insulin 

0 074 

0 

2 






% 

0 062 

0 

8 

43 0 

13,631 

61,361 

27,778 

4,730 

1 

0 058 

0 

2 

210 

16,800 

37,653 

11,424 

2,100 

IV 2 

0 058 

36 

48 

35 0 

70,000 

6T,6S5 

80,500 

18,900 

2 

0 048 

44 

53 

410 

51,280 

82,902 

147,600 

19,680 

2% 

0 047 

26 

36 

290 

36,230 

63,157 

37,700 

11,020 

3 

0 036 

26 

34 

13 0 

16,250 

20,689 

9,100 

4,420 

Total 




182 0 

204,181 

329,347 

314,102 

60,850 




Table 3 — Results of the Analyses of the Contents of the Stomach and the 
Duodenum of a Man, Aged 28, Following a Hypodermic Injection 
of Eptncphi me Hydi ochlonde, 1 Cc 


Duodenal Return 

. X 


Times 
at Winch 
Specimens 
Were 
Collected, 
Hours 

Blood 

Sugar, 

per 

Cent 

Gastric 

Juice 

A 

Amount 

of 

Juice, 

Cc 

Trypsin 

Kilo- 

Units 

(Amount 

X 

Activitj ) 

Amylase 

Kilo- 

Units 

(Amount 

X 

Activity) 

Lipase 

Kilo- 

Units 

(Amount 

X 

Activity) 

Bile Bile 

Pigment Acids 
(Dilution (Dilution 
X X 

Amount) Amount) 

Total 
Hree Acid- 
HCl Ity 

Hasting 

Vi 

0 083 

26 

SO 







% 


44 

52 

26 8 

6,360 

19,912 

6,378 

348 

4,020 

% 


20 

32 







1 

0 088 

18 

28 

68 

1,360 

8,439 

1,020 

64 

680 

Hollowing an 
injection of 
epinephrine 










% 

0129 

16 

26 







% 

0127 

24 

34 

0 

0 

0 

0 

0 

0 

% 

0130 

24 

34 







1 

0144 

22 

34 

08 

320 

2,059 

39 

4 

64 

V/i 

0154 

16 

30 







1% 

0132 

16 

32 

26 

260 

3,401 

572 



1% 

0109 

14 

28 







2 

0113 

14 

24 

20 

1,250 

0,174 

384 



ZVi 

0086 

0 

16 







2% 

0 079 

3 

19 

27 

1,688 

7,679 

410 



2% 

0 069 

6 

22 







3 

0 058 

0 

13 

19 2 

24,000 

65,238 

24,100 

6,668 

23,040 
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whether hypoglycemia has any connection with this increased secretion 
A marked hypoglycemia was produced in human subjects by insulin, and 
when the gastric, pancreatic and biliary secretions became profuse, 
injections of dextrose solution of different concentrations were made 
intravenously, mtraduodenally or through the rectum A piompt and 
marked inhibition of the secretion of these juices occurred simulta- 
neously with the inciease of the sugar content of the blood regardless 
of the concentration and locality of the sugar introduced Profuse 

Table 4 — Results of the Analyses of the Contents of the Duodemim of a Gul, 
Aged 19 A, FoUozvnig the Inti adiiodenal Injection of Watei, 200 Cc 


Buodenal Eetuin 

K 


Times at Which 

Blood 

Amount 

Tr\psm 

Kilo- 

TJmts 

Amvlase 

Kilo- 

Units 

I/ipase 

Kilo- 

Units 

Bile 

Pigment 

Bile 

Acids 

Specimens Were 

Sugar, 

of 

(Amount 

(Amount 

(Amount 

(Dilution 

(Dilution 

Collected, 

per 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

Cc 

Activity) 

Activity) 

Activity) 

Amount) 

Amount) 

Pasting 

% 

0 0S4 

11 4 

9120 

20 657 

13 817 

711 

9,120 

1 

OOSG 

230 

18,400 

41,676 

33,120 

1,196 

18,400 

FoUomng intraduodenal 
injection of water 

% 

OOSS 

285 

9,120 

16,502 

15,390 

570 

9,120 

1 

0 0S2 

288 

14,400 

32,976 

21,082 

2,182 

18,400 

1% 

0 0S5 

310 

24,800 

50,096 

45,570 

1,922 

13 475 

2 

0 083 

20 5 

13,250 

27,984 

25,838 

1,087 

1,008 

21,600 

21A 

OOSl 

300 

18,000 

12,708 

27,072 

23,350 

3 ■ 

0 083 

ISO 

12,400 

22,062 

23,162 

414 

18,550 

Total of 3 hours 


168 8 

91,970 

162,328 

158,114 

7,183 

107,495 


B Following the Inti aduodcnal Injection of Eplicdi me, 0 04 Cm 

Pasting 


% 

0 090 

110 

6,875 

17,336 

14,080 

19,584 

385 

4,950 

1 

allowing an mjcetion 
: ephedrine 

0 089 

19 2 

7,680 

26,923 

422 

7,680 

% 

0 092 

73 

1,825 

8,015 

4,088 

IW 

1,825 

1 

0 092 

18 

450 

2,372 

972 

32 

450 

1% 

0 091 

07 

112 

993 

231 

10 

175 

2 

0100 

11 

no 

1,200 

264 

7 

165 

2% 

0 094 

31 

310 

2,623 

471 

6 

310 

3 

0 031 

70 

4,375 

16,380 

8,512 

294 

4,200 

3% 

0 086 

IS 

720 

3 296 

1,065 

45 

570 

4 

0 085 

09 

360 

1,510 

230 

11 

ISO 

Total of 3 hours 


210 

7,182 

31,583 

14,538 

473 

7,125 


secretion was caused again when the hypoglycemia recurred There- 
fore, It was proved that hypoglycemia, if it does not alone stimulate 
the secretion of these juices, does so when insulin is injected 

It was, then, of mteiest to determine, if possible, whether this 
sbmulation occurs peripherally in the tissue cells or centrally in the 
centrum of the nenmus system An injection of atropine caused a 
distinct inhibition of the secretion of the juices induced by insulin, 
hence it was assumed that hypoglycemia exerts its stimulating effect 
on the centrum of the secretory nerve and that the stimulus is trans- 
mitted to the acting tissue cells through the parasympathetic nervous 
system This led to the question whether hypoglycemia, in general, 
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Table S — Results of the Analyses of the Contents of the Stomach and Duodenum 
in a Man, Aged 50, with Cancer of the Stomach A, When No Stimulants 

Had Been Administci ed 


Duodenal Keturn 
1 


Times at Which 
Specimens Were 
Collected, 
Hours 

Blood 

Sugar, 

per 

Cent 

Gastnc 

Juice 

Amount 

of 

Juice, 

Cc 

Trypsin 

Kilo 

Units 

(Amount 

X 

Activity) 

Amvlase 

Kilo- 

Units 

(Amount 

X 

Activity) 

Dipase 

Kilo- 

Units 

(Amount 

X 

Activity) 

Bile 

Pigment 

(Dilution 

X 

Amount) 

% 


AlLaline 

Z40 

12,000 

35,208 

6,120 

1,964 

1 


AIL aline 

170 

13,600 

17,034 

9,775 

2,890 

1% 


AlLaline 

200 

16,000 

25,820 

10,800 

3,200 

2 


Alkaline 

230 

11,500 

24,932 

9,660 

2,484 

21^ 


Alkaline 

230 

18,400 

31,142 

23,476 

4,787 

3 


Alkaline 

14 0 

11,200 

18,390 

13,440 

4,480 

Total 



121 0 

82,700 

152,532 

64,150 

17,838 


B Following a Hypodeimtc Injection of Insulin (Toionto), 10 Units 


Fasting 0 078 AlLaline 

Following an injection 
of insulin 


% 

0 066 

Alkaline 

175 

8,750 

24,658 

17,150 

3,500 

1 

0 067 

Alkaline 

22 0 

17,600 

34,716 

13,640 

3,740 


0064 

Alkaline 

51 0 

40,800 

62,935 

55,335 

11,010 

Following an intra- 
venous injection of 
25% de\trose, 50 cc 








2 

0 070 

Alkaline 

ISO 

9,000 

19,584 

13,680 

3,420 

2% 

0 051 

Alkaline 

310 

24,800 

36,177 

31,558 

6,820 

3 

0 049 

Alkaline 

46 0 

36,800 

58,650 

57,270 

10,580 

Total 



185 5 

137,750 

230,720 

188,033 

39,070 


Table 6 — Results of the Analyses of the Contents of the Stomach and the Duo- 
denum Following a Hypodetnnc Injection of Insulin (Toionto), 12 Units, 
and an Inti avenous Injection of Dextiose in a Man,f Aged 20% 


Duodenal Return 


Times at Which 
Specimens Were 
Collected, 
Hours 

Blood 

Sugar, 

per 

Cent 

G istric 
Juice 

f 

Amount 

of 

Juice, 

Cc 

Trypsin 

Kilo- 

Units 

(Amount 

X 

Activitj ) 

Amvlase 

Kilo- 

Units 

(Amount 

X 

Actn ity) 

Dipase 

Kilo 

Units 

(Amount 

X 

Activity) 

Bile 

Pigment 

(Dilution 

X 

Amount) 

Free Total 
HCl Acidity 

Fasting 

0 079 

Alkaline 






Following an injection of insulin an intravenous injection of 

25 per cent dextrose. 

so cc* 


0 065 

Alkaline 

SO 

2,536 

9560 

7,080 

1,248 

1 

0 060 

Alkaline 

15 5 

4,914 

^,366 

5,425 

961 

Following an intravenous injection of 25 per cent dextrose, 50 ce* 



IVe 

0 048 

0 12 

115 

5,750 

17,331 

25,300 

2,875 

2 

0 044 

22 36 

600 

75,000 

91,920 

187,200 

37,200 

Following an intravenous injection of 25 per cent dextrose, 50 cc * 



2% 

0 058 

0 14 

266 

13,250 

34,477 

60,930 

5,865 

3 

0 055 

S 26 

47 0 

37,600 

72,850 

96,350 

8,630 

Total 



168 5 

139,050 

250,304 

382,305 

56,779 


* After each injection of de-rtrose the secretion stopped thoroughly for a while 
f Same patient as in table 2 

j Urine 320 cc , urinary sugar 0 46 per cent = 1 47 Gm 
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stimulates the secretion of the digestive juices and whether hyper- 
glycemia inhibits this secretion It was desiiable to solve this 
question without using insulin or epinephrine For this purpose, 
we intioduced a tube into the stomach, a tube into the duodenum and 
another tube into the jejunum After collection of the gastric and the 
duodenal contents for a time, a 25 per cent solution of dextrose in the 



The results of analyses of the gastric, pancreatic and biliary juices following 
an intraduodenal injection of 25 per cent dextrose m the amount of 1 Gm per 
kilogram of body weight, in a man, aged 29 (table 8, The correlation between 
the activity of the secretion of the digestive juices and the sugar content of tlie blood 
may be noted The arrow indicates the injection of dextrose In the curves for 
the gastric juice, the straight line indicates total acidity, and the dotted line free 
hydrochloric acid In the curves for the pancreatic juice, the straight line indicates 
amylase, the dotted line lipase and the dash and dot line trypsin In the curves for 
bile, the straight line indicates pigment (X 10) and the dotted line acids 
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amount of 1 Gm per kilogiam of body weight was intioduced into the 
jejunum and the collection of the digestive jmces was continued Often 
there was an initial increase of the secretion in the first fifteen to thirty 
minutes after the injection, most likely owing to a reflex mechanism 
Hyperglycemia, after the resorption of the dextrose, however, stopped 
the pancreatic and biliary secretions almost entirely, and the gastric con- 
tents became achlorhydric The hypeiglycemia continued for about one 
and three quarteis hours, and at this point the secretion of the digestive 
juices stopped almost completely Following the hyperglycemia, a reactive 

Table 7 — Results of the Analyses of the Contents of the Stomach and the Duo- 
denum Following a Hypodeimic Injection of Insulin (Toronto), 10 Units, 
and Atiopinum Sulfui icum, 15 Mg ,' in a Man,^ Aged 22 


Duodenal Datum 
« 


Times 


Gastric 


Trypsin 

Amylase 

Lipase 



It Which 


Juice 


Kilo 

Kilo- 

Kilo 

Bile 

Bile 

Specimens 

Blood 

/ 

^ , Amount 

Units 

Units 

Units 

Pigment 

Acids 

Were 

Sugar, 


Total 

of 

(Amount 

(Amount 

(Amount 

(Dilution 

(Dilution 

Collected, 

per 

Free Acid 

Juice 

X 

X 

X 

X 

X 

Hours 

Cent 

HCl 

Ity 

Cc 

Activity) 

Activity) 

Activity) 

Amount) 

Amount) 

Basting 

0 018 

37 

42 







Bollowing an 










injection of 










insulin 










% 


27 

31 







% 

0 081 

4 

10 

34 

1,700 

2,689 

2,855 

204 

2,380 

Bollowing an 










injection of 










atropine * 










% 


6 

10 







1 

0 065 

14 

20 

40 

920 

3,505 

2,875 

216 

2,300 

1% 


No juice 







1% 

0 060 

8 

14 

20 0 

6,400 

17,340 

41,800 

4,200 

23,000 

m 


62 

07 







2 

0 006 

110 

124 

43 0 

21,500 

75,250 

80,496 

7,310 

45,150 

2M 


127 

132 







2% 

0 063 

109 

US 

40 0 

12,800 

59,560 

50,560 

4,000 

20,000 

2% 


130 

137 







3 

0 072 

118 

125 

37 0 

18,500 

54,649 

53,230 

6,125 

22,200 

Total 




148 0 

61,820 

212,993 

231,867 

22,055 

115,030 


* After the injection of atropine, the secretion of the gastric and the duodenal juices 
stopped thoroughly for a while, and fiftj six minutes after the injection, the secretion of 
both began again, so that it was markedly less in the first hour and a half after the injection 
of insulin in comparison with that recorded in table 1, B Thereafter an effect of the 
atropine was not expected 

t Same patient as in table 1 


hypoglycemia was evoked, sometimes being as low as 0 059 to 0 053 per 
cent, accompanied by a profuse secretion of the digestive juices Injec- 
tions of dextrose of the same amount in concentrations of 25, 20 or 5 
pel cent showed the same results Iiitiavenous injections of nearly the 
same amounts of dextrose had almost the same effect, except that they 
failed to produce the initial increase of secretions The diminution of 
the gastric secretion was manifested moie in amount than in acidity 
when a hypertonic dextrose solution was administered intravenously 
It might be especially emphasized that an isotonic oi rather a some- 
what hypotonic solution of dextrose had the same inhibitory influence 
on the secretion of digestive juices, if the amount was sufficient The 
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same experiments were lepeated, and at the stage of complete cessation 
of the secretion as a result of the hyperglycemia (thirty minutes after 
the injection of dextrose into the duodenum) we tried injections of 100 

Table 8 — Results of the Analyses of the Contents of the Stomach and the Duo- 
denum m a Man, Aged 29 A, Follozving the Inti aduodenal Injection of 25 Per 
Cent Dertiose in the Amount of 1 Gm Per Kilogiam of Body Weight 


Duodeml Return 

K. 


Times at 


Gastric Juice 


Trypsin 

Amylase 

Lipase 

Bile 


Which 







Kilo- 

Kilo- 

Kilo- 

Big- 

Bile 

Specimens 

Blood 



Amount Amount 

Units 

Units 

Units 

ment 

Acids 

Were 

Sugar, 


Total 

of 

of 

(Amount (Amount (Amount (Dilution (Dilution 

Collected, 

per 

Tree Acid- 

Juice, 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

HCl 

ity 

Cc 

Cc 

ActiMty) Activity) Activity) Amount) Amount) 

Pasting 











Vi 

0 098 

70 

77 

46 0 







% 


80 

86 

23 0 

38 0 

12,160 

29,032 

17,328 

494 

17,100 

% 


77 

86 

26 0 







1 

0 090 

80 

92 

23 6 

10 0 

4,000 

14,950 

2,500 

40 

1,000 

Following an injection of dextrose 







Vi 

0120 

74 

84 

50 







% 

0148 

78 

90 

254 

650 

13,000 

33,995 

41,600 

2,080 

45,500 

% 

0131 

22 

37 

68 







1 

0133 

4 

24 

68 

4 8 

1,200 

4,042 

1,286 

29 

960 

1% 

0122 

0 

24 

78 







1% 

0124 

0 

16 

64 

10 

160 

821 

270 

3 

100 

1% 

0119 

38 

48 

260 







2 

0 092 

72 

84 

12 4 

90 

5,625 

27,099 

1,890 

54 

1,800 

2% 

0 089 

86 

96 

10 0 







2% 

0 082 

91 

101 

34 0 

48 

6,000 

11,746 

6,960 

264 

2,760 

2% 

0 080 

98 

lOS 

43 0 







3 

0 083 

no 

118 

24 4 

28 0 

14,000 

46,844 

12,600 

484 

12,600 

3% 

0 079 

no 

118 

236 







3% 

0 077 

109 

117 

ISO 

55 0 

27,500 

96,580 

77,220 

3,740 

74,250 

3% 

0 080 

108 

118 

22 0 







4 

0 077 

no 

116 

214 

94 0 

47,000 

136,770 

174,370 

7,144 

141,000 


B, Following the Inti aduodenal Injection of Dextiose and a Hypodermic Injection 

of Atiopinum Sulfuucum' 


Pasting 


Vi 

0 099 

23 

28 

200 







% 


61 

69 

12 4 

46 5 

7,440 

21,111 

5,812 

47 

930 

% 


38 

47 

11 6 







1 

0 097 

47 

63 

94 

24 0 

9,600 

52,176 

5,520 

72 

2,400 

Following 

an injection of 25% dextrose in the amount of 1 Gm per kilogram of body weight 

Vi 

0123 

46 

55 

31 6 







% 

0152 

6 

17 

10 0 

63 0 

31,500 

56,637 

84,420 

3,402 

5,985 

% 

0146 

0 

6 

80 







1 

0137 

0 

3 

200 

50 

1,250 

4,560 

2,100 

70 

2,000 

V/i 

0129 

0 

4 

90 







1% 

0108 



0 

17 0 

6,800 

46,869 

4,250 

51 

1,700 

1% 

0102 

7 

15 

66 







Following 

an injection of 

atropine, 1 

mg * 






2 

0 098 

44 

53 

94 

23 5 

29,375 

57,669 

21,040 

893 

14,450 

2Vi 

0 089 

84 

92 

26 







2% 

0 084 

70 

76 

24 

10 

625 

1,762 

485 

30 

550 

2% 

0 086 

91 

95 

126 







Following 

an injection of 

atropine, 1 

mg * 






3 

0 078 

63 

67 

13 4 

46 

1,840 

8,758 

1,748 

51 

1,840 

2Vi 

0 069 

81 

85 

34 







SVs 

0 067 

50 

60 

46 

13 

520 

2,652 

273 

9 

325 

3% 

0 064 

70 

78 

18 







4 

0 065 

91 

95 

50 

16 

400 

3,165 

376 

11 

400 


* The effect of atropine was especially legible from twenty to fifty minutes after injection 


cc of 0 2 per cent hydrochloric acid or 3 cc of ether into the duodenum 
This resulted in a little secretion of pancreatic juice and bile When 
dextrose was administered intravenously, this intraduodenal stimulation 
was more effective (perhaps owing in this case to the absence of a fore- 
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going initial evacuation of the gall and the pancreatic tiacts including 
the gallbladder) Therefore, we pioved that hypoglycemia, in general, 
stimulates the secretory nervous centrum, that hyperglycemia inhibits 
It and that the stimulus is transmitted through the parasympathetic 
nervous system to the reacting tissue cells, while the inhibitory impulse 
IS most likely transmitted through the sympathetic nervous system 
This process is a natural as well as important one for the welfare of 
mankind When too much nouiishment is absorbed, so that hypergly- 
cemia is induced, the secretion of the digestive juices is arrested by an 
inhibitory stimulus, and further digestion and resorption are inhibited 
until the normal level of the sugai content of the blood is restored 

Table 9 — Results of the Analyses of the Contents of the Stomach and the 
Duodenum Following the Intraduodenal Injection of 5 Per Cent Dextiose m the 
Amount of 0 8 Gni Per Ktlogiam of Body Weight in a Youth, Aged 19 


Duodenal Eeturn 


Times at 


Gastric Juice 


Trypsin 

Amylase 

Iripase 

Bile 


Which 

Blood 




^ 


Kilo- 

Kilo- 

Kilo- 

Fig- 

Bile 

Specimens 



Amount Amount 

Units 

TJnits 

TJnits 

ment 

Acids 

Were 

Sugar, 


Total 

of 

of 

(Amount (Amount (Amount (Dilution (Dilution 

Collected, 

per 

Free Acid- 

Juice, 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

HCl 

ity 

Cc 

Ce 

Activity) Activity) Activity) Amount) Amount) 

Pastinir 












0103 

38 

45 

113 







% 


32 

44 

12 2 

15 0 

7,500 

29,895 

7,050 

450 

8,250 

% 


32 

44 

10 0 







1 

0 095 

28 

44 

115 

23 5 

18,800 

82,250 

9,400 

2115 

30,650 

f’ollowing- an injection of dextrose 







Vi 

0135 










% 

0170 

14 

27 

18 0 

000 

6,000 

36,900 

42,480 

3,900 

45,000 

% 

0101 

0 

8 

53 







1 

0120 

Neutral 

55 

46 

920 

6,178 

2,277 

161 

2,760 

iVi 

0103 

Alkaline 

90 







m 

0 094 

Alkaline 

38 

14 

2S0 

8,910 

60 

21 

420 

1% 

0 093 

19 

32 

95 







2 

0 0S9 

72 

78 

19 5 

25 0 

20,000 

87,725 

21,875 

1,700 

40,000 

2% 

0 0S5 

80 

89 

18 0 







2% 

0 0S7 

78 

83 

310 

24 0 

12,000 

49,080 

27,210 

1,680 

21,000 

2% 

0 085 

70 

SO 

7 8 







3 

0 082 

63 

72 

13 0 

13 6 

10,880 

4,121 

19,010 

SS4 

12,240 

sVi 

OOSl 

85 

90 

27 5 







3Vz 

0 087 

98 

105 

615 

42 0 

33,000 

72,282 

36,288 

4,830 

75,600 

3?4 

0 094 

97 

106 

37 0 







4 

0 093 

97 

100 

20 0 

13 2 

10,500 

31,442 

5,808 

1,386 

21,780 


The test breakfast induced a markedly diminished secretion of acid in 
the stomach at the stage of hyperglycemia in comparison with that 
induced in fasting The motility of the stomach was also inhibited, and 
the remnants of bread weie detectable by fractional suction after a 
test breakfast for a longer period (for example, for two and a quarter 
hours in hyperglycemia, as compared with less than one hour at the 
time of fasting) Hypoglycemia is accompanied by a sensation of 
hunger, which causes one to take food eagerly and digestion takes place 
promptly by reason of the piofuse secretion of the digestive juices 
Resorption, accordingly, occurs to meet the needs, while hj^perglycemia 
causes a full and distended feeling in the epigastnal region which, in 
turn, causes one to refuse food When, however, foods are already 
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Table 10 — Results of the Analyses of the Contents of the Stomach and the Duo- 
denum m a Man, Aged 22 ^ A, Following the Inti aduodenal Injection of 25 
Per Cent Devtrose in the Amount of 1 Gin Pei Kilogram of Body 
Weight and 0 2 Per Cent Hydrochloi ic Acid, 100 Cc 


Duodenal Eetum 

A 


Times 
at Which 
Specimens 
Were 

Blood 

Sugar, 

Gastric 

Juice 

f 

Total 

f 

Amount 

of 

Trypsin 

Kilo- 

Umts 

(Amount 

Amjlase 

Kilo- 

Dnits 

(Amount 

Dipase 

Kilo- 

Units 

(Amount 

Bile 

Pigment 

(Dilution 

Bile 

Acids 

(Dilation 

Collected, 

per 

Free Acid- 

Juice, 

y 

X 

X 

X 

X 

Hours 

Cent 

HCl ity 

Cc 

Activity) 

Activity) 

Activity) 

Amount) 

Amount) 

Pasting 

% 

OOSS 

62 72 

74 79 

no 

3,520 

8,250 

8,710 

1,210 

8,250 

•^4 

1 

0 035 

SO SO 

71 77 

no 

3,520 

20,163 

4,048 

2,200 

20,900 

PolloTving the 
injection of 
dextrose 

H 

0115 

10 24 

44 0 

2,200 

27,500 

29,040 

0,160 

35 200 

% 

0150 


20 

200 

1,212 

800 

170 

1,300 

Pollotnng the 
injection of 
hydrochloric acid 

34 0151 

1 0152 

Very weak • 
16 20 

4- 

64 

320 

2,528 

2,976 

409 

3,200 

1% 

1^ 

012s 

0107 

IS 22 
17 21 

88 

440 

4,3S5 

2,816 

79 

1,700 

1?4 

0 

0 091 

0 078 

16 22 

15 22 

28 

56 

1,252 

844 

14 

280 

2Vi 

2^6 

0 033 

0 057 

12 20 

3 10 

14 0 

1,460 

27,463 

n,cso 

734 

7,300 

2*4 

3 

0 003 

0 092 

2 8 

0 

43 0 

14,400 

50,310 

23,080 

10,350 

99,000 

S 14 

3^ 

OOSl 

0 075 

20 30 

40 50 

10 S 

2,160 

14,029 

5,184 

1,830 

16,740 

0*4 

4 

0 078 

0 093 

54 69 

60 71 

25 6 

8,192 

42,701 

11,264 

3,120 

40,080 


B, Following the Inti aduodenal Injection of 25 Pei Cent Dextrose in the Amount 
of 1 Gm Pci Kilogiam of Body Weight and Ethei , 3 Cc 


Pasting 


Vi 

0 0S9 

78 

so 







14 


94 

100 

14 3 

4,576 

27,141 

12 534 

1,237 

7,150 

A, 

/4r 


91 

104 







1 

0 090 

‘to 

98 

124 

6,200 

14,804 

11,656 

434 

3 720 

Pollowing an 










injection of 
dextrose 










Vi 

0 123 

90 

93 







% 

Following an 

0 136 

CS 

72 

122 

2,440 

11,326 

2,782 

73 

1,220 

injection of 
ether 










*i 

0144 

24 

34 







1 

0132 

24 

34 

20 5 

3,280 

24,231 

6,765 

0 

0 

iVi 

0131 

16 

25 








0119 

15 

25 

70 

1,120 

7,462 

1,365 

0 

140 

i*t 

0101 

8 

IS 







2 

OOSS 

10 

20 

76 

3,040 

9,287 

1,596 

266 

3,040 

2’4 

0 061 

6 

14 







2% 

0 069 

8 

18 

320 

16,000 

3G,2SS 

16,000 

7,360 

38,400 

2?i 

0 063 

10 

20 







3 ' 

OOCS 

20 

30 

44 0 

22,000 

70,164 

63,140 

7,920 

44,000 

3% 

0 005 

32 

46 







3^/2 

0 075 

8 

20 

16 6 

5,312 

25,265 

19, m 

1,072 

9,130 

3% 

oon 

50 

GO 







4 

0 070 

70 

78 

4 6 

920 

4,278 

1,863 

27 

690 


Same patient as in table 1. 
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present in the digestive tract, direct digestion and resorption do not 
occur, owing to the inhibition of the secretion so long as hyperglycemia 
continues Since hypoglycemia and hyperglycemia induce humorally 
excitatory or inhibitory impulses to the secretory centrum, and since 
from this centrum the stimuli are transmitted through the autonomic 
nervous system to the acting tissue cells, this process might be called the 
“humoroneural regulation of the secretion of digestive juices,” thus 
establishing the theory that we have advanced The secretion of saliva 
IS excepted from this regulation, the mechanism of which is entirely 
nervous, as was noticed by previous workers 

Table 11 — Results of the Analyses of the Contents of the Stomach* and the 
Duodenum Follozving the Intravenous Injection of 25 Per Cent Dextrose 
in the Amount of 0 7 Cm Per Ktlogiam of Body Weight in a 
Man, Aged 32, Weighing 53 Kg 


Duodem] Eeturn 


/ ■ A., , , 


Times at Which 

Blood 

Amount 

Trypsin 

Kilo- 

Units 

Amylase 

Kilo- 

Dnits 

Lipase 

Kilo 

Units 

Bile 

Pigment 

Bile 

Acids 

Specimens Were 

Sugar, 

of 

(Amount 

(Amount 

(Amount 

(Dilution (Dilution 

Collected, 

per 

Juice, 

X 

X 

X 

X 

X 

Hours 

Fasting 

% 

Cent 

Cc 

Activity) 

Activity) 

Activity) 

Amount) Amount) 

0 095 

30 0 

15,000 

71,400 

18,000 

1,050 

33,000 

1 

0 09C 

52 

2,600 

9,630 

3,536 

680 

8,060 

Following an injection 
of dextrose 

% 

% 

0 209 

0 232 

0 

0 

0 

0 

0 

0 

% 

1 

0 219 
0190 

10 

0 

435 

344 

8 

100 

IM 

1% 

0164 

0132 

07 

0 

305 

143 

5 

70 

1% 

2 

0117 

0 099 

10 

0 

641 

280 

2 

50 

ZVi 

2% 

0 099 

0 090 

12 0 

9,600 

26,232 

25,920 

3,120 

33,600 

2% 

3 

0 090 

0 074 

10 8 

3,456 

10,152 

13,099 

594 

7,560 

3% 

SVz 

0 081 

0 092 

118 

9,440 

22,621 

32,450 

9,912 

64,900 

3% 

4 

0 093 

0 086 

83 

6,610 

17,704 

10,292 

2,075 

14,940 


* All fractions of gastric juice remained alkaline during the course of the experiment 


THE HUMORONEURAL REGULATION IN DIABETES MELLITUS 
As a result of these studies, consideration had to be given to whether 
this regulation also plays a part in diabetes mellitus, a pathologic condition 
that shows a high degree of hyperglycemia even in fasting As we 
reported in the second paper of this series, there are cases of diabetes 
mellitus in which the external pancreatic secretion is extremely dis- 
turbed, while in others it remains normal According to the prevailing 
views, the gastric and the biliary secretions are not necessarily disturbed 
in diabetes mellitus It was therefore necessary to determine whether 
the humoroneural regulation is not in force in such a disturbed regula- 
tion of the carbohydiate metabolism as that in diabetes mellitus or 
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Table 12 — Results of the Analyses of the Gastuc Juice of a Youth, Aged 19 A, 
Following the Inti aduodenal Injectwn of 20 Pci Cent Dextiose in the Piopoi- 
tion of 1 Gin Pet Kilogiain of Body Weight, and Test Bieakfast (Bicad, 

35 Gin , Wafer, 400 Cc), B, Following the Test Bieakfast 


A B 

-A- K, 


Times at Which 

Blood 


Gastne Juice 

Blood 


Gastric Juice 

Specimens Were 

Sugar, 


1 


Sugar, 


i 


f 





\ 

Colleetcd, 

per 

Free 

Total 

Fepsin 

per 

Free 

Total 

Pepsin 

Hours 

Cent 

HCl 

Acidity 

Units 

Cent 

HCl 

Acidity 

Units 

Pasting 









y4 

0 09G 

0 

3 

125 

0 114 

8 

22 

90 

% 


3 

21 



9 

26 


% 


25 

37 



8 

20 


1 


30 

42 

400 

0115 

4 

12 

90 

Following an injection of dextrose 







y4 

0 098 

24 

30 

400 





% 

0163 

Alkaline 

so 





Following a test breakfast 








yi 

0167 

Neutral 

15 

0117 

14 

23 

GO 

Vz 

0154 

Neutral 

20 

0124 

18 

28 

CO 

% 

0128 

Neutral 

50 

0121 

19 

34 

GO 

1 

0103 

G 

12 

80 

0120 

IG 

32 

30 

lyi 

0105 

17 

23 


0115 

28 

44 


1% 

0107 

22 

32 

100 

0107 

29 

44 


1% 

0103 

22 

32 


0105 

5C 

83 


2 

0102 

36 

44 

250 

0103 

38 

64 

CO 

2y4 

0100 

21 

35 


0 09G 

48 

72 


2% 

0 098 

+ + + 

H — h + 

250 

0102 

+ + + 

+ + + 

60 

2% 

0 093 

+ 

++ 


OlOO 


+ 


3 

OlOO 

+ 

++ 


0100 

— 

+ 


SVi 

0 098 

4- 

+ 


0103 

— 

+ 



0 098 

— 

d: 


0107 


+ 


3% 

0108 

— 

— 


0108 


+ 


i 

0107 


— 


0107 

— 

+ 


Table 13 — Results of 

the Analyses of the 

Contents 

of the 

Stomach 

and the 


Duodenum Following the Inti aduodenal Injection of 20 Per Cent Dextiose in 


the Amount of 1 Gin Per Kilogram of Body Weight in a Man, 
Aged 21, Weighing 47 7 Kg, Who Had Diabetes Melhtus 


Duodenal Return 




Times at 


Gastric Juice 

/ 

Trvpsin 

Amylase 

Lipase 

Bile 

■ 

Which 






> 

Kilo- 

Kilo- 

Kilo- 

Pig- 

Bile 

Specimens 

Blood 



Amount Amount 

Units 

Units 

Units 

ment 

Acids 

Were 

Sugar, 


Total 

of 

of 

(Amount (Amount (Amount (Dilution (Dilution 

Collected, 

per 

Free Acid- 

Juice, 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

HOI 

ity 

Cc 

Cc 

Activity) Activity) Activity) Amount) Amount) 

Fasting 











Vi 

0 234 

17 

SZ 

60 







% 


42 

65 

56 

210 

4,200 

26,670 

4,704 

231 

8,400 

% 


29 

43 

66 







1 

0 23G 

33 

50 

67 

160 

8,000 

39,618 

4,320 

640 

17,600 

Following an injection of dextrose 







Vi 

0 245 

0 

G 

17 8 







% 

0 296 

0 

4 

3G0 

116 

3,680 

15,859 

5,865 

4,025 

11,500 

% 

0 291 

0 

2 

10 8 







1 

0 331 

0 

-H 

13 0 

77 0 

15,400 

96,558 

31,416 

1,818 

53,900 

144 

0292 

0 

-1- 

03 







1% 

0 257 

0 

•-H 

00 

13 4 

4,288 

15,316 

4,824 

804 

34,840 

1% 

0 238 

0 

H- 

06 







2 

0236 

0 


00 

10 

200 

1,704 

435 

20 

700 

2% 

0 234 

0 


04 







2% 

0 221 

0 

“1- 

03 

18 

225 

613 

252 

2 

144 

2% 

0 221 

0 


Tl-ace 







3 

0190 

0 

+ 

02 

50 

400 

1,720 

440 

5 

500 

3Vi 

0190 

0 

4- 

Trace 







34^ 

0168 

22 

36 

25 

12 

GO 

402 

132 

1 

9G 

3% 

018G 

25 

40 

32 







4 

0154 

30 

55 

30 

52 

1,040 

8,419 

1,716 

182 

6,240 
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whethei it plays its destined role in some compensated manner We 
made expenments on diabetic patients with a high level of blood 
sugar in the same waj as we did on normal subjects, namely, by 
introducing giape sugar to produce hyperglycemia and hypoglycemia 
We found also that, in diabetes, in fasting, the secretion of pancreatic 
and biliar)'- juices was abundant and the acidity of the gastric juice 
high (foi example, free hydiochlonc acid 42, total acidity 55, pepsin 
200 units), although the blood sugar content was 0 234 and 0236 per 
cent, a value much higher than we obtained as the maximal value by 

Table 14 — Results of the Analyses of the Gastnc* and the Duodenal Contents 
Following the Inti avenous Injection of 25 Per Cent Dcvtiose m the Proportion 
of 1 Gin Per Kilogiam of Body Weight in a Man, Aged 21, 
with Diabetes Mellitns 


Duodenal Return 


Times at Which 

Blood 

/ 

Amount 

Trypsin 

Kilo- 

Unlts 

Amylase 

Kilo- 

Dnits 



Dipase 

Kilo- 

Units 

Bile 

Pigment 

Bile 

Acids 

Specimens Were 

Sugar, 

of 

(Amount 

(Amount 

(Amount 

(Dilution (Dilution 

Collected, 

per 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

Ce 

Activity) 

Activity) 

Activity) 

Amount) 

Amount) 

Fasting 

0 304 

220 

2,200 

27,236 

10,120 

22 

2,200 

1 

0 300 

17 6 

6,600 

26,898 

10,500 

158 

6,125 

Following an Injection 
of dextrose 

V* 

% 

0 630 

0 617 

12 

60 

1,802 

444 

2 

180 

1 

0 587 

0 545 

0 

0 

0 

0 

0 

0 

m 

1% 

0 480 

0 465 

118 

0 

6,102 

3,694 

0 

0 

1% 

2 

0 433 

0 414 

12 0 

0 

7,680 

5,160 

0 

0 

2‘4 

2 % 

0 410 

0 407 

no 

0 

7,348 

473 

0 

220 

2% 

3 

0 377 

0 307 

22 0 

0 

15,114 

8,140 

0 

1,100 

3% 

0 355 

0 338 

90 

7,200 

27,630 

14,580 

945 

12,600 

m 

4 

0 366 

0 343 

84 

1,680 

22,579 

7,000 

34 

2,520 


* All fractions of gastric juice remained alkaline during the course of the e'^periment 


introducing grape sugar in the amount of 1 Gm per kilogram of body 
weight into the duodenmn in normal cases By introducing the same 
amount of sugar in diabetes, however, we found that the gastric juice 
became promptly achloihydric and the secretion of pancreatic and 
biliar}!- juices gradually became scant Following the hyperglycemia (in 
which the highest level reached by the blood sugar was 0 331 per cent), 
a relative hypoglycemia (in which the lowest level reached was 0 154 
per cent in four hours in the same case) occurred, and a gastric secretion 
of fairly high acidity (fiee hydrochloric acid 40, total acidity 55, pepsin 
250 units) followed, accompanied by pancreatic and biliary secretion 
From these obseni-ations, it is obvious that the humoroneural regulation 
also plays a part in diabetes melhtus, onlj the entrance of the excitatory 
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Table IS — Results of the Analyses of the Duodenal Contents tn a Youth, Aged 19, 
Weighing 55 Kg A, Follozving an Inti aduodenal Injection of 
0 2 Pei Cent Hydi ochlouc Acid, 100 Cc 


Duodenal Return 


Tunes at Which 

Blood 

Amount 

Tn psm 
Kilo- 
Units 

Amylase 

Kilo- 

Units 

Lipase 

Kilo 

Units 

Bile 

Pigment 

Bile 

Acids 

Specimens Were 

Sugar, 

of 

(Amount 

(Amount 

(Amount 

(Dilution (Dilution 

Collected, 

per 

Juice, 

X 

X 

X 

X 

X 

Hours 

Cent 

Cc 

Activity) 

Activity) 

Activity) 

Amount) 

Amount) 

±"astmg 

M. 

0100 

19 3 

3,860 

31,247 

9,071 

380 

13,510 

Following an injection 
of hydrochloric acid 

% 

0 098 

92 0 

14,720 

07,732 

45,264 

11,880 

340,600 

] 

0107 

40 0 

8,000 

56,760 

23,040 

1,360 

40,000 

37,200 

ly. 

0105 

31 0 

9,920 

5-4,002 

15,810 

1,240 

1,023 

2 

0107 

46 5 

9,300 

89,420 

20,460 

32,550 

2y. 

0109 

22 6 

4,500 

48,083 

6,445 

23 

1,688 

3 

0107 

32 5 

10,400 

83,785 

14,625 

1,105 

32,600 

syo 

0 097 

280 

14,000 

09,272 

12,600 

2,600 

98,000 

4 

0 095 

36 0 

11,520 

51,084 

27,510 

1,728 

61,200 


B, Follozving the Inti aduodenal Injection of 20 Per Cent Dextiose in the Amount 
of 1 Gin Pci Kilogiain of Body Weight and 0 2 Per Cent 
Hydrochloi tc Acid, 100 Cc 


Pasting 

ye 

0111 

35 0 

17,500 

98,105 

6,610 

2,600 

59,500 

1 

0106 

32 0 

10,240 

77,600 

6,760 

1,920 

38,400 

Following an Injection 
of dextrose 

Vi 

V- 

0148 

0167 

56 0 

11,200 

35,890 

45,920 

7,280 

252,000 

Following an in 3 cction 
of hydrochloric acid 

% 

1 

0145 

0114 

62 0 

1,040 

12,320 

5,096 

0 

104 

I'A 

t>/i 

0 095 
0101 

74 

222 

0,586 

370 

0 

15 

m 

2 

0 099 

0 097 

33 5 

1,065 

69,781 

1,675 

0 

67 

2'/! 

2V^ 

0102 

0104 

48 0 

8,480 

122,928 

12,288 

0 

96 

2% 

3 

0102 

0100 

30 6 

7,625 

58,316 

5,948 

61 

1,526 

S'/i 

SVe 

0 102 
0104 

23 0 

4,000 

47,301 

8,280 

69 

1,150 

3% 

4 

0100 

0 099 

39 0 

12,480 

73,671 

25,155 

702 

19,500 

C, Follozving the Inti avenous Injection of 25 Pci Cent . 

Devtiosc 

in the Pi opoi tion 

of 1 Gin Per Kilogiain of Body Weight and the Inti aduodenal Injection 

of 

0 2 Pei 

Cent Hydiochloi 

ic Acid, 

100 Cc 



Fasting 

V. 

0104 

13 8 

4,416 

26,248 

11,592 

87,000 

718 

10,330 

1 

0100 

50 0 

16,000 

100,100 

2,100 

35,000 

Following an injection 
of dextrose 

y 

0 359 

0 309 

10 4 

5 200 

23,639 

2,010 

1,144 

16,040 

Following an injection 
of hydrochloric acid 

% 

1 

0 220 
0160 

70 0 

7,000 

52,570 

23,800 

2,590 

35,000 

1% 

ly. 

0121 

0 090 

39 0 

12,480 

51,051 

31,590 

2,635 

46,800 

m 

2 

0 008 

0 075 

660 

33,000 

150,081 

42,900 

7,690 

112,200 

2‘A 

2y. 

0 095 

0 093 

880 

44,000 

161,392 

127,600 

12,320 

264,000 

2% 

3 

0 095 

0 091 

620 

31,000 

140,988 

77,500 

6,200 

105,400 

3'A 

3y 

0 093 

0 095 

376 

18,760 

91,200 

20,250 

2,230 

40,875 

3% 

4 

0 097 
OlOO 

62 0 

31,0Q0 

128,712 

36,650 

3,844 

77,500 
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or the inhibitory impulse to the secretory centium being different from 
that in normal cases The blood sugar content of 0 154 per cent is the 
highest value that we obtained by introducing sugar into the duodenum 
in the amount of 1 Gm per kilogram of body weight in normal cases, a 
value which in diabetes mellitus induced the secretion of digestive juices 
as the hypoglycemic reaction From these results, it is also evident that 
the process of the hypoglycemic and hyperplycemic alternation itself 
stimulates the excitatory and the inhibitory functions of the secretory 
centrum and not their durable state, which perhaps causes an accommo- 
dation such that stimulation is not any longer induced 

Table 16 — Results of the Analyses of the Pancreatic Juice of a Male Dog, Weigh- 
ing 14 5 Kg, Winch Was Provided lenth a Pancreatic Fistula Under Morphine 
Anesthesia, and Which Received an Intraduodenal Injection of 04 Pet 
Cent Hydi oehloric Acid and an Inti avenous Injection of 25 
Per Cent Dextiose, 100 Cc 


Times at Which 
Specimens Were 
Collected, 
Minutes 


Pancreatic Juice 

^ _______ A __ _■ 

Blood Trypsin Amylase Bipase 

Sugar, , * , , * , , » , 

per Amount, Activity Efflciency Activity Efficiency Activity Efficiency 
Cent Cc Units Units Units Units Units Units 


Eastmg 0 129 


Eollowing an injection of hydrochloric acid, 20 cc 


10 

0113 








20 

0124 








30 . 

0112 

05 

1,250 

C25 

4,470 

2,235 

2,600 

1,300 


Pollomng an injection of dextrose 

15 0 8S9 

25 0 327 


Eollowing an injection of hydrochloric acid, 20 cc 
(30 minutes after an injection of dextrose) 


5 

0 260 

15 

0 234 

25 

0197 

30 


90 

0106 


8S0 


4,075 4,483 G50 715 


Eollowing an injection of hydrochloric acid 
10 0 115 

30 11 SOO 880 4,075 4,483 820 902 


THE HUMORONEURAL REGULATION AND THE 
HUMORAL MECHANISM 

As previously noted, the classic experiments of Bayhss and Starling 
showed that with the action of dilute acid on the duodenal mucosa, a 
substance, secretin, is formed, which can accelerate the pancreatic secre- 
tion even when all nervous connections with the secretory gland are 
severed An important question arose, therefore, as to how these two 
mechanisms, the humoroneural regulation and the humoral mechanism, 
play parts without interference with each other under normal con- 
ditions As has been mentioned, we found that, at the stage of com- 
plete cessation of the secretion on administration of dextrose by way 
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Table 17 — Results of the Analyses of the Pancreatic Juice of a Male Dog, Weigh- 
ing 16 Kg , Which Was Provided with a Panel catic Fistula Under Moiphinc 
Anesthesia, and Which Received Inti avenous (V Jiigidaris) Injections 
of V asodilatm-Fi ee Nezv Secictin and of 25 Pci Cent 
Dextiose (V Saphena), 150 Cc 
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of the duodenum, an injection of hydiochloiic acid (100 cc of a 02 
pel cent solution) caused but little secretion of pancreatic juice and 
bile This was particulaily so when a maiked evacuation of the 
gall and the pancreatic tracts, including the gallbladdei, had occurred 
previously through the introduction of dextrose solution into the 
duodenum, whereas, when the hyperglycemia was induced by intrave- 
nous administration of dextiose, an abimdant fluid was obtained b)'- the 
injection of hydiochlonc acid into the duodenum, as in the case of fast- 
ing This fluid was extiemely rich in bile pigment and poor in enzymatic 
activity, so that it must have been mainly the consequence of the 

Table 19 — Results of the Analyses of the Gastnc Jutce fiom a Youth, Aged 19, 
Following Subcutaneous Injections of Histamine, 1 Mg , with and without a 
Simultaneous Inti aduodenal Injection of 25 Pei Cent Dextrose in the 
Amount of 1 Cm Pci Kilogram of Body Weight 


With an Injection of Dextrose Without an Injection of Dextrose 

A_ — 


Tunes at Whidi Blood 


Gastric Juice 

A 


Blood 


Gastric Juice 

A 

OlJcLiiXicXIo WeXe OUKuX} 



.. ^ 

Sugar, 

/ 



Collected, 

per 

Free 

Total Amount of 

per 

Free 

Total 

Amount 

Hours 

Cent 

HCl 

Aeidjty Jujco, Cc 

Cent 

HCl 

Acidity 

Juice, C 

Fasting- 









% 

0 0»7 

0 

13 

30 

0 093 

0 

10 

88 

% 


13 

21 

34 


3 

15 

78 

% 


17 

30 

08 


0 

7 

86 

1 

0 095 

23 

34 

12 0 

0 099 

0 

7 

26 

FollojMng injections of histimine and dextrose 


Following an injection of Instamine 

>4 

0150 

43 

50 

1 3 

0102 

SO 

42 

17 6 

% 

0165 

46 

54 

14 5 

0 0% 

74 

SO 

390 

\ 

0144 

40 

52 

545 

0099 

38 

46 

240 

1 

0100 

IS 

27 

19 0 

0 095 

23 

S3 

98 


0 071 

2 

11 

58 


16 

25 

10 0 

1% 

0 080 

0 

S 

93 

0100 

23 

30 

15 5 

1% 

0 087 

0 

10 

125 


34 

42 

12 5 

2 

0 095 

18 

27 

4 0 

0100 

35 

41 

82 

214 

0 0S9 

32 

48 

65 


18 

23 

40 

2>/4 

0 093 

0 


60 

0102 

23 

29 

18 

2 % 

0 093 

0 


4 3 


22 

29 

15 

3 

0 091 

0 


58 

0 088 

0 

0 

0 


reflex evacuation of the gall tiacts, including the gallbladder Fiom 
this lesult, it is evident that the hydrochloric acid solution, when intio- 
duced into the duodenum, causes a reflex gush of the duodenal return 
as other solutions, the hydi ochloi ic acid seeming to make up the mam pai t 
of the collected juice, though the return may be effected partly also by 
the secretin mechanism Theiefore, from this experiment, we were not 
able to decide whether the humoroneural regulation has any influence on 
the secretin mechanism oi not It was shown in the first paper that a dog 
anesthetized with morphine and provided with a pancreatic fistula does 
not show this reflex mechanism, so that an injection of alcohol or ethei 
into the duodenum does not cause any secretion of the pancreatic juice, 
but an injection of hydiochlonc acid causes an abundant secretion of 
that as the effect of the secretin mechanism We therefore tried the 
same experiment before and after an intravenous injection of dextrose 
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An injection of 20 cc of 04 per cent hydrochloric acid thirt} minutes 
after the intravenous injection of 100 cc of 25 per cent dextiose caused 
just as abundant a secietion of pancreatic juice as when an injection 
of dextiose was not made or as when the hyperglj cemic period after 
the admimstiation of dextiose was o\er Fiom this result, it is obMous 
that the humoroneural legulation does not interfeie \\ith the humoial 
mechanism To show this more exactl)’’, we prepaied the vasodilatm- 
free new secretin after the procedure of Weaver, Luckhardt and Koch 
and injected this intra^ enousl)'’ in the noi mogl} cemic and in the h\pei- 
gl)cemic periods Also, it was possible that anesthesia had some 
influence on the neuial component of the humoroneuial regulation, a 
dog with a pennanent pancreatic fistula was used, and secretin was 
injected before and after the administration of dextrose, \Mthout 
anesthetics being used All the lesults coincided with that obtained by 
intraduodenal injection of hydrochloric acid Noimally, howevei, dur- 
ing the stage of hj^peiglycemia, gastric secietion does not occur, even 
when foods aie ingested and acid chyme is not poured into the 
duodenum, so that it fails to show the activit} of the secietm mechanism 
at this pel lod 

Histamine is known as a strong humoial excitant of the gastiic 
secretion Theiefore, we injected this substance duiing periods of fast- 
ing, as well as at the stage of hyperglycemia A pi of use secietion of 
gastric juice with high acidity also occurred at the stage of h^pel- 
glycemia on the injection of histamine 

From these obseivations, we may conclude that the humoionemal 
regulation and the humoral mechanism play paits without interference 
one with the other and that at the stage of inhibition by h} perglycemia 
there is no occasion foi the humoral mechanism to function On the 
other hand, it is proved that the pancreatic secretion is not necessarily 
disturbed by distuibed gastric secretion, a fact that tells us that the 
humoroneural regulation alone, without the cooperation of the secretin 
mechanism, is sufficient to excite the secretor}^ glands of the pancreas 
to activity 

COMMENT 

The conclusion from the lesults obtained is, in short, that lij^pei- 
gl)^cemia inhibits the secretions of the digestive juices, and hypoglycemia 
acceleiates it The piocess of the inhibitor)'- impulse and of the excita- 
tory impulse IS first evoked humorally at the secretory centrum and 
from this is transmitted through the autonomic nervous system to the 
acting tissue cells Incretions, extracts of tissue, foods, medicaments 
and the like that aie apt to cause hypergl) cemia have, m general, an 

43 Weaver, M M , Luckhardt, A B , and Koch, F C Vasodilatin-Free 
Pancreatic Secretin, J A M A 87 640 (Aug 28) 1926 
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inhibitory influence on the secretion of the digestive juices, while those 
that tend to produce hypoglycemia have an excitatory action The 
legulatoiy mechanism seems to function with great precision There 
have been many lepoits that hypei tonic solutions, in general, have an 
inhibitory influence on the secietion of the digestive juices, sugar having 
the most significant effect A remarkable suivey in this connection was 
made by Karmel,^^ together with the report of his own experiments 
On caieful inspection, however, this is seen to lefer rather to the 
quantities of the substances administered than to the concentiations of 
them, as compaiison is usually made with the lesults obtained in using 
different concentrations and the same volumes of the solutions In 
the present study, we found that dextiose had quite the same inhibitory 
effect on the secretion of digestive juices in isotonic or somewhat hypo- 
tonic solutions as in hypertonic solutions, if the quantity is sufficient 
In diabetes melhtus, a condition that shows hypei glycemia even at a time 
of fasting, the same inhibitoi}'- and excitatoiy mechanism is in force, 
being different from that in normal cases only in the mannei of 
entrance of these impulses It is evident fiom this that the process of 
the hypoglycemic and hyperglycemic alternation stimulates the excita- 
tory and the inhibitory functions of the secretory centrum and that 
the latter is not stimulated by the durable state of them, which, per- 
haps, causes an accommodation such that stimulation is not any longer 
induced A lusli of dextiose into the cii dilatory system gives use to 
an impulse inhibitory of the secretions of the digestive juices, as well 
as of motility, so that thei e is a “full feeling ” The effect of this is that 
the subject lefuses foods, and if foods are administeied, a direct secre- 
tion of gastiic juice does not occur and acid chyme is not poured into 
the duodenum When hypoglycemia occurs, there develops an excita- 
tory impulse of the secietory function, as well as of motility, so that 
theie IS a feeling of hungei This causes the subject to take foods 
eagerly, and the digestion and lesoiption occur promptly to meet the 
needs On the basis of these obser-vations, we advanced the theory of the 
“humoioneuial legulation of the secietion of digestive juices” The 
relation of this legulation to the humoral mechanism was also studied, 
and the results indicated that both mechanisms play their paits without 
inteiference one with the other When hyperglycemia develops, the 
gastric secietion ceases and the entrance of the acid chyme into the 
duodenum also ceases, so that the secretin mechanism does not have any 
occasion to function during this period A hypoglycemia causes a pro- 
fuse secretion of gastric juice and a gush of abundant acid chyme into 
the duodenum, which, in tuin, induces a full functioning of the secretin 

44 Karmel J Ueber den Emfluss intravenos verabreichter hvpertoniscber 
Losungen auf die Magensekretion, Wien klin Wchnschr 35 1007, 1922 
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mechanism When, howe^ er, there is a disturbance of the gastric 
secretion, as in achylia gastrica and cancer of the stomach, the humoro- 
neural regulation alone, without the cooperation of the secretin mecha- 
nism, is sufficient to excite the secretory glands of the pancreas to 
activity Histamine, a substance highl}’- potent humorally for the 
excitation of the secretion of the gastric juice, causes a profuse secretion 
of this even at the point of h 3 '’peiglycemia This fact indicates that the 
humoroneural legulation does not have any remarkable influence on 
the humoral mechanism, and this, in turn, indicates that the action 
of histamine does not ha\e anything to do with the neural mechanism 
There exists also a purely neural (leflex) mechanism of the gastric, 
panel eatic and biliary secretions, the inteii elation of which to the 
humoroneural and the humoral mechanism will be discussed at another 
occasion 

SUMMARY 

1 Insulin proiokes gastric, panci eatic and biliaiy secietion, and 
epinephrine inhibits it (only the influence of epinephrine on the gastric 
secretion is not so decisne) Ephedrine has an effect similai to that of 
epinephrine The increased secretion of these juices aftei the injection 
of insulin is marked in the presence of a pronounced hypoglycemia, 
while It IS nearly negative m the absence of hypoglycemia The decrease 
of the secretion of these juices after the injection of epinephrine goes 
parallel with hyperglycemia, and is followed b}" an increase of secretion 
when a reactn e hypoglycemia occurs 

2 Also in cases of cancer of the stomach, iii which the gastric 
juice remained alkaline during the course of the collection, a marked 
increase of the secretion of pancreatic and biliary juices after the 
injection of insulin was observed, indicating that insulin piimanly 
stimulates the secretion of these juices 

3 The increased secretion of gastric and pancreatic juices and of 
bile induced by the injection of insulin is almost completely inhibited by 
an injection of dextrose, but a profuse secretion again occuis when 
hypoglycemia recurs Theiefore, it is definitely shown that hypogly- 
cemia, if It does not alone stimulate the secretion of these juices, does 
so when insulin is injected 

4 An injection of atropine causes a distinct inhibition of the 
increased secretion of these juices induced b} the injection of insulin, 
indicating that hypoglycemia exerts its stimulating effect on the centrum 
of the secretoiy neive and that the stimulus is tiansmitted to the acting 
tissue cells through the parasympathetic neiious system 

5 When dextrose is introduced into the duodenum, it usually brings 
about an initial increase of the secretion of pancreatic juice and of bile, 
perhaps as a reflex evacuation of the gall and pancreatic tracts, including 
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the gallbladdei Hypeiglycemia, aftei lesoiption of the dextiose, how- 
e^el, stops the secretion of panel eatic and biliary juices almost entirely, 
and the gastiic content becomes achloihydnc Following the hyper- 
glycemia, a reactive h 3 ’^poglycemia is evoked which is accompanied by a 
profuse secretion of digestive juices An intravenous injection of 
dextrose has almost the same effect, except that the initial increase 
usually does not occur and the diminution of the gastric secietion is 
manifested in amount lather than in acidity An isotonic or rather a 
somewhat Inpotonic solution of dextiose has the same inhibitoiy 
influence on the secretion of the digestive juices as a hypertonic solution, 
if the amount is sufficient Therefore, it is definitely proved that hypo- 
glycemia, in general, stimulates the secretoi y nei vous centrum and hypei - 
glycemia inhibits it and that the stimulus is tiansmitted thiough the 
parasympathetic neivous s}stem to the reacting tissue cells, while the 
inhibitory impulse most likelj^ is transmitted through the sympathetic 
neivous system 

6 The test bieakfast does not cause any secietion of acid or causes 
a markedly diminished secretion of acid b}”- the stomach at the stage of 
hyperglycemia, in comparison with its effect on the secietion of acid 
at a time of fasting The motility of the stomach is also inhibited, so 
that the bread lemnants of the test meal are detectable for a much 
longei time by fractional suction Hypoglycemia is accompanied usually 
by hungei, and hypei gljcemia by a “full feeling ” 

7 Since hypoglycemia induces a humoially excitatoiy impulse and 
hypei glj'-cemia an inhibitoiy impulse to the secretory centium and since 
fiom this centium the stimulus and the inhibitory impulse aie trans- 
mitted through the autonomic nervous system to the acting tissue cells, 
this piocess might be called the “humoroneural regulation of the secre- 
tion of the digestive juices ” The secretion of saliva is excepted from 
this legulation 

8 In diabetes melhtus, the same inhibitoiy and excitatoiy mechanism 
IS also in foice, being diffeient fiom that in normal cases only in the 
manner of entiance of these impulses It is evident fiom this fact 
that it IS the process of the alternation of hypoglycemia and hyper- 
glycemia that stimulates the excitatoiy and the inhibitory functions 
of the secietory centium and not the durable state of them, which per- 
haps causes an accommodation such that stimulation is not any longer 
induced 

9 The humoioneuial legulation and the humoial mechanism nor- 
mally coopeiate without interference one with the othei, an intraven- 
ous injection of secretin causing nearly as abundant a secietion of 
pancreatic juice at the stage of hypeiglycemia as at a time of fasting 
When hyperglycemia develops, gastric secretion ceases and the entrance 
of the acid chyme into the duodenum also ceases, so that the secretin 
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mechanism does not have any occasion to function during this penod 
A hypoglycemia causes a profuse secretion of gastric juice and an 
abundant gush of acid chyme into the duodenum, which, in turn, induces 
the full functioning of the secietm mechanism A¥hen, however, a 
distuibance of gastric secretion occurs, as in achylia gastrica and in 
cancer of the stomach, the humoroneuial legulation alone, without the 
cooperation of the secretin mechanism, excites the secretor}'^ glands of 
the pancreas to activity 

10 Histamine, a vigorous excitant of the gastric secietion humorally, 
causes also a pi of use secretion of gastric juice at the high point of 
hyperglycemia Theiefoie, it follows that the hunioroneural legulation 
does not have any remarkable influence on the humoral mechanism and 
this, in turn, proves that the action of histamine does not have anything 
to do with the neuial mechanism 



THE ANDREWES DIAZO REACTION IN NEPHRITIS* 
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Microchemical examinations of the blood are being more and more 
utilized as aids in the rational diagnosis, prognosis and treatment of 
disease Probably no other disease offers as great a variety of chemical 
changes as that involving cases of renal insufficiency with concomitant 
retention of many of the urinary constituents Among these com- 
pounds are such familiar chemical entities as urea, creatinine, uric acid, 
phosphorus and other substances, the vaiiations and clinical significances 
of which are well known Circulating in the blood stieam, however, 
are a considerable number of unexammed or ill defined substances 
awaiting identification and clinical evaluation 

In 1924, while working on the van den Bergh reaction, C H 
Andrewes discoveied a new diazo color reaction which seemed to be 
given only by uremic sei ums ^ The diazo reagent, diazobenzene sul- 
phonic acid, is a familiar laboiatoiy reagent which has been found to 
couple with a variety of substances yielding variously colored solutions 
Ehrlich ^ was probably the first to use the diazo reaction m clinical 
medicine He applied the test to unne and found it of special sig- 
nificance 111 the treatment of patients with typhoid fever, measles, 
certain types of tubeiculosis and other disorders Hunter ® used the reac- 
tion m his attempt to systematize the different types of diazo reaction 
in normal and pathologic urines, while Koessler and Hanke^ utilized 
it extensively m then work on the protemogenous amines and m their 
studies on intestinal putrefaction Van den Bergh,® McNee ® and 
others emplo 3 '^ed the i eaction m their studies on serum bilirubin to 
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distinguish certain types of jaundice, while Davies and Dodds® have 
studied the properties of pure bilirubin and its behavior toward the diazo 
leagent 

Andrewes noticed, on the addition of the diazo reagent (diazotized 
sulphanilic acid) to an alcoholic extract of uremic serum, the appearance 
of a buff coloration in the course of an hour or two, whereas normal 
serum under similar expeiimental conditions gave little, if any, color 
He found that it was necessary to allow the reaction mixture to stand 
at room temperature for about twenty-four hours in order to obtain 
the maximum color development After the buff color had appeared, 
the addition of a few drops of strong sodium hydroxide pioduced a bright 
cheriy red, whereas normal serum yielded neither the buff noi the led 
colorations Although the buff tint was rather permanent, the red color 
was somewhat fleeting and lasted from a few seconds to a half hour or 
more, depending on the concentration of the unknown substance m the 
original serum C H Andrewes found that a positive reaction was 
given only by patients with severe uremia who had a blood urea of 
220 mg or more per bundled cubic centimeters of blood A positive 
test did not seem to be associated with twitchings or convulsions and 
seemed to occur m any of the clinical types of uremia In two cases 
m which the serum gave a positive leaction, the cerebrospinal fluid 
yielded a negative reaction In regard to one serum, which gave a 
strong positive test, the coi responding ceiebiospinal fluid, which was 
practically uncontammated with blood, gave a faint buff coloration 
which turned pink on alkalization Three rabbits with a high blood 
urea content, two of which had experimental nephritis, gave negative 
reactions Hewitt ® confirmed the observations of Andrewes in regard 
to the diazo reaction of uremic serum and has introduced an important 
simplification of the test Instead of allowing the reacting mixture to 
stand for twenty-four hours, Hewitt found that the maximum buff 
coloration could be developed by boiling the solution for thirty seconds , 
on the addition of the alkali the cherry-ied color appeared as usual 
Whereas Andrewes leported that normal urine gave a negative diazo 
reaction, Hewitt found that alcoholic extracts of urine, under these 
experimental conditions, sometimes gave a diazo leaction similar to 
that given by uremic serum Hewitt suggested that the reaction might 
be attributed to a cyclic amine such as tyramme or histamine In a 
later paper, Harrison and Hewitt stated that they had obtained a 
clue as to the nature of the substance responsible for the leaction and 


8 Davies, D T, and Dodds, E C Bnt J Exper Path 8 316, 1927 

9 Hewitt, L F Biochem J 19 171, 1925 

10 Harrison, G A , and Hewitt, L F Bnt M J 2 1138, 1927 
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that the substance is certainly piesent in noiinal mine Huntei and 
Montgomery also found that normal mine gives a positive test, 
whereas normal feces does not More lecently, Hariison and Brom- 
field concluded that the substance responsible for the Andrewes 
reaction is an indoxyl compound, presumably potassium indox5d sul- 
phate (indican) oi possibly m part indoxyl glycuronate 

In Canada, Rabmowitch,’^® studying the Andiewes diazo test, 
leported that a positive test was found only m blood fiom patients 
showing marked retention of waste pioducts with lesions such as 
advanced chronic nephiitis, acute suigical conditions of the kidneys, 
pyonephritis and similar conditions He stated “m view of the positive 
reactions invariably noted m definite uremics, and the negative reac- 
tions m the subjects with obviously predominant arterial disease, the 
negative reactions noted m the few cases with suggested uremic 
symptoms appear to have some diagnostic significance ” He suggested 
that a positive diazo test may have a gieatei prognostic significance, as 
regards time factoi, than the blood cieatmme m chionic nephritis 
Blotner and Fitz utilized the reaction and found it of consideiable 
diagnostic value They decided that a high blood urea content accom- 
panied by a positive diazo reaction was moie significant than when it 
was accompanied by a negative reaction They found that the ascitic 
fluid of one patient gave a positive test, whereas the cerebrospinal fluid 
did not Two rabbits and one dog on which nephrectomy had been 
performed gave positive diazo tests one oi two days after removal of 
the kidneys Davis leported thiee cases of chionic nephritis with 
positive diazo reactions In his woik on experimental uieinia, Edmund 
Andrews^® concluded that “if animals in which suppiession of mine 
IS brought about by either nephiectomy or acidosis aie injected with 
hypertonic salt solution m amounts such that chloiide content of the 
blood IS comparable to that m uiemia, they pass into a condition 
resembling uremia Ever}'’ manifestion of uremia seen m the human 
being IS leproduced This is true of the histologic and chemical fac- 
tors as well ” He found that, while his contiol animals on which 
nephrectomy had been perfoimed gave negative diazo reactions 
throughout, those that received injections of hypei tonic saline solu- 
tions gave positive reactions within a short time On the other hand, 

11 Hunter, G, and ^Montgomery, R C Canad M A J 17 1448, 1927 

12 Harnson, G A , and Bromfield, R J Biochem J 22 43, 1928 

13 Rabinowitch, L M Canad M A J 15 725, 1925 

14 Blotner, H , and Fitz, R Diazo Test in Nephritis, J A M A 88 985 
(March 26) 1927 

15 Davis, Jr, W J N US Nav M Bull 26 105, 1928 

16 Andrews, Edmund Experimental Uremia, Arch Int Med 40 548 (Oct ) 
1927 
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Hunter and Montgomeiy “ perfoimed nephrectom\ on foui rabbits 
and a number of dogs All of these animals soon de^ eloped positive 
reactions 

Shoitly after the woik of C H Audi ewes was published, a diazo 
and uiochromogen leaction in blood filtiates of uiemic seiums was 
announced by Becher His reaction was earned out in a trichloracetic 
acid filtiate of whole blood or serum His test consisted essentially 
of a moie oi less quantitative difteience between the coloi pioduced 
by a normal blood filtiate and that given by a filtiate of a uiemic 
serum, both tests being peifoimed at the same time Becher made an 
extended search for the substance lesponsible for tins color reaction 
He decided that the aiomatic oxyacids which, in pait, are free m the 
blood, and the oxyprotem fraction aie mainly lesponsible for his diazo 
leaction Bechei’s test is somewhat different from that of Andrewes, 
and IS, therefore, baldly comparable Blewitt expiessed the belief 
that the substance responsible foi the Andiewes diazo leaction is not 
the same as that which yields the Bechei reaction 

EXPERIMENTAL WORK 

The Andrewes diazo leaction, as modified by Hewitt, is a simple 
test which can be earned out with little difficulty 

Reagents 


Solution 1 Sulphanihc acid 1 Gm 

Concentrated hydrochloric acid IS cc 

Distilled water to 1,000 cc 

Solution 2 Sodium nitrite 0 5 Gm 

Distilled water to 100 cc 


The reagent is prepared by mixing 25 cc of solution 1 with 0 75 cc of solution 
2 To one volume of serum or plasma are added two volumes of alcohol, and 
the precipitated proteins are separated by centrifugating or filtering One volume 
of the freshly prepared diazo reagent is added to four volumes of the alcoholic 
extract, and the mixture is boiled for about one-half minute At this point, 
preparations from diazo-positive serums will yield a buff-colored solution, whereas 
preparations from normal serums will yield colorless or only faintly colored solu- 
tions Then a solution of 40 per cent sodium hydroxide is added drop by drop 
The test is positive if a definite pink or cherry-red color results on alkalization 
The pink color lasts from a few seconds to an hour or more depending on the 
concentration of the substance in the original serum 

In view of the fact that we use the Thannhausei and Anderson 
modification of the van den Beigh method for the routine deteimina- 
tion of serum bihiiibm, we have found it convenient to use their 

17 Becher, E Arch f klin Afed 148 10, 1925 

18 Thannhauser, S J , and Anderson, E Arch f klin Aled 137 179, 1921 
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solutions for the diazo leaction They are, of couise, similar to those 
used by Andrewes and by Hewitt but contain more sulphanihc acid and 


hydiochloric acid 

Solution 1 Sulphanihc acid S Gm 

Concentrated hydrochloric acid 50 cc 

Distilled water to 1,000 cc 

Solution 2 Sodium nitrite 0 5 Gm 

Distilled water to 100 cc 


The diazo reagent was prepared by diluting 0 8 cc of freshly prepared nitrite 
solution to 25 cc with solution 1 To one volume of blood plasma or serum 
was added two volumes of alcohol and the precipitated proteins separated by 
centrifugating To 1 cc of the clear alcoholic extract were added 0 5 cc of 
alcohol and 0 25 cc of the freshly prepared diazo reagent The mixture was 
boiled for thirt}' seconds and then 10 per cent sodium hydroxide was added 
drop by drop until the maximum color change was developed 

While this diazo reagent may not be as sensitive to slight traces of 
the coloi-pioducing substance, it seems to pioduce a more intense cheiiy 
red which may persist for an hour or even longer dependent on the 
amount of substance m the original uremic seium The length of 
time the color lasts seems to be roughly proportional to the intensity 
of the color which, in turn, is probably pioportional to the concentra- 
tion of the material in the serum Hence, ve have found it con- 
venient to leport the positive reactions in teims of the minutes that 
the pink coloi persists In that manner, a lough quantitative factor is 
introduced Those cases in which the coloi lemained less than five 
minutes are, howevei, lepoited as lasting five minutes It was soon 
obseived that the substance responsible for the color reaction was not 
only peimanent in alcoholic solution, but that uremic blood, serum or 
plasma which had stood seA'-eial days still yielded a positive reaction 
When a jaundiced serum or plasma is deproteimzed with alcohol and 
the mixed diazo leagent then added, a pink coloi soon appears owing 
to the coupling of the bile pigments with the diazotized sulphanihc acid 
On the addition of alkali the pink changes to violet oi green which 
may conceal the cherry-ied color of a weakly positive diazo test It 
has been pointed out,^“ however, that a hypobilii ubinemia is the rule 
in nephiitis, and we have found that such is the case The other 
methods used in the expeiimental rvork aie those m common usage in 
hospital laboi atones The blood uiea content was detei mined by the 
direct nesslei ization method of Kair,“° cieatinine bj”^ the method of 

19 Feigl, J , and Querner, E Ztschr f d ges exper Med 9 153, 1919 

20 Karr, W G J Lab & Clin Med 9 329, 1924 
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Folin,^’- the carbon dioxide combining powei of the plasma according to 
van Slyke,^^ phosphorus as directed by Benedict and Theis,'“ etc 

During the last year the diazo test has been applied to many of 
the patients admitted to the Mercy Hospital and those seen in the 
outpatient department In table 1 are enumerated the number and 
character of the cases examined, excluding cases of suspected renal 
disease in which negative reactions to the diazo tests vere obtained 
Table 2 contains cases in which definite damage to the kidney exists 

Table 1 — Cases, Excluding Those of Renal Pathologic Changes with a Negative 

Dtaco Test 


Type of Case Number 

1 Gastro-Intestinal Tract 

Gastnc ulcer 7 

Gastritis 1 

Colitis 3 

Appendicitis 19 

Intestinal obstruction 1 

Chemical poisoning- (arsenic, meth 
anol, carbon monoxide) 8 

Alcoholism (acute and chronic) 12 

2 Respiratory Tract 

Pneumonia S 

Pleunsy 4 

Abscess of the lung 4 

Bronchitis 3 

La grip 4 

Influenza 2 

Empyema 1 

Tuberculosis (pleural and pulmo- 
nary) 5 

3 Cardiovascular Diseases 

Eheumatic cardiovascular disease 7 

Syphilitic cardiovascular disease 2 

Arteriosclerotic cardiovascular dis 
ease 23 

Hypertensive cardiovascular dis- 
ease 4 

Hypertension (essential and par- 
oxysmal) 5 

Hypotension 1 

Aneurysm of aorta 1 

Neurocirculatory asthenia 5 

Cerebral accidents 5 


Total number of cases 


Type of Case Number 

4 Gynecologic and Obstetric Conditions 29 

5 Metabolic Disturbances 

Diabetes mellitus 12 

Thjroid dysfunction 5 

6 Neurologic Conditions 

Meningitis 3 

Neurosis G 

Hysteria 1 

Epidemic encephalitis 2 

Epilepsy 1 

Migraine 2 

Multiple sclerosis l 

Spasmodic torticolhs l 

Tetanus 1 

7 Genito Urinary Conditions 7 

8 Minor Surgical Conditions SS 

9 Miscellaneous Conditions 

Syphilis (various types) 13 

Neoplasms (benign and malignant) 15 
Gallbladder disease 10 

Congenital hemolytic jaundice 1 

Cirrhosis of liver 2 

Infectious arthritis 5 

Bums 1 

Hernia 10 

Eetinitis pigmentosa 1 

Leukemia (lymphatic) 1 

Morphine addiction 1 

10 Outpatient Department Cases ICi 


468 


and in which positive diazo reactions might frequently be suspected 
but in which these reactions were negative Table 3 includes those 
cases in which a positive diazo test was obtained 

COMMENT 

In discussing the various conditions involving the kidneys, a more 
or less common classification must be used In this work a slight 

21 Folin, O Laboratory Manual of Biological Chemistry, ed 3, New York, 
D Appleton & Company, 1923 

22 Van Slyke, D D , and Cullen, G E J Biol Chem 30 289 and 347, 1917 

23 Benedict, S R , and Theis, R C J Biol Chem 61 63, 1924 
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modification of the clinical pathologic giouping of Volhard and Fahi 
has been used, which is given in biief 

A Glomeiulai nephritis — primary process in the glomeruli 

1 Focal 

2 Diffuse 

(a) Acute, (b) subacute, (c) chronic 
B Nephrosis — tubular lesion of a degenerative character 

1 Kidney of pregnancy 

2 Lipoid 

3 Amyloid kidney 

4 Tubular necrosis, e g , mercuric chloride 
C Arteriosclerotic diseases of the kidney 

1 Renal artery and its laiger branches 

2 Arterioles 

In examining the data it will be seen that the diazo leaction is 
positive only m those cases m which maiked letention of nitiogenous 
pioducts has taken place The lowest uiea letention which was 
associated with a positive diazo leaction was 112 mg mea per hundred 
cubic centimeteis of blood, both reactions, of couise, being earned 
out at the same tune Although theie is a general paiallelism existing 
between the letention of uiea and the substance producing the diazo 
reaction, theie aie a numbei of definite exceptions, as seen m cases 
14 and 16 of table 3 In case 14 with a uiea value of 245 mg, the 
pink coloi of the diazo test lasted foi neaily two houis, while m case 
16 with a uiea of 425 mg the coloi peisisted for only twenty minutes 
The highest uiea value found associated with a negative diazo test 
was 293 mg In othei words, a maiked nitiogen letention can exist 
with the diazo test lemaining negative as seen in case 15 of table 2 
Theie does not seem to be any definite relation between the con- 
centiation of the blood cieatinine and the intensity of the diazo reac- 
tion, although a positive test was usually found associated with a 
definite ci eatininemia, yet, in a number of cases, creatinine retention 
was seen with a negative diazo test (cases 12, 15, 17 and 19 of table 
2) In legard to case 17, since the creatinine returned so promptly to 
normal after the obstruction had been leheved, it seems probable that 
the impairment of lenal function was not due to organic change m the 
kidney While the data is not given in the tables, the alkaline reserve 
of the plasma has been determined in a numbei of cases, and it has 
heen found that those cases with a positive diazo reaction usually 
showed maiked acidosis with a carbon dioxide combining power as 

24 Volhard, F , Fahr, F , and Elwyn, H Nephritis, New York, The 
Macmillan Company, 1926 
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low as 9 pel cent by volume On alkaline therapy, these values were 
fiequently raised temporarily to 30 to 50 per cent This uiemic 
acidosis was found to be due piimaiily to a marked elevation of the 
inorganic phosphorus content of the blood — ^values of fiom 5 to 20 
mg of phosphorus pei hundred cubic centimeters of seium being 
obtained m ceitam cases m which the diazo tests weie positive It 
has 1 ecently been suggested that the substance producing the diazo 
leaction may be potassium indoxyl sulphate or possibly in part indoxyl 
glycuronate Indican is one of the substances letamed by the damaged 
kidney, and Kiokiewicz has i ecently pointed out the value of a 
knowledge of the indican content of the blood m nephiitis In the 
few cases of advanced nephritis to which we have applied this leaction 
definite indican letention was found, but the reaction did not seem to 
be as satisfactoiy as the diazo leaction 

The phenolsulphonphthalein test of Rowntiee and Geraghty is 
recognized as an accurate measure of lenal function In this work a 
positive diazo test was not obtained, except m one case m which the 
excretion of the dye exceeded 10 per cent The phenolsulphon- 
phthalein test IS an accurate measuie of the condition of the renal 
tissue, and since only positive diazo reactions have been obtained with 
extremely low phenolsulphonphthalein values, it can be assumed that 
this reaction (diazo) is obtained only in cases m which extensive renal 
damage has occuiied One can recall having seen numeious cases in 
which theie was a comparatively high retention of nitiogenous prod- 
ucts and excietion of a i datively normal amount of the dye In some 
cases this condition no doubt has been due to some mechanical 
obstiuction, while in others no apparent reason for the condition 
existed In this type of case, a negative diazo reaction is usually 
found Vasculai disease m its late stages merges into renal disease, 
while the converse is also true, both terminate m the condition com- 
monly known as uiemia From the terminating symptom-complex one 
can hardly state the predominating lesion But we believe that lenal 
disease predominates m those cases presenting low phenolsulphon- 
phthalein values and a positive diazo reaction Owing to the lemark- 
able vaiiety and different combinations of symptoms that when taken 
together may be classed as uremia, one can see that probably many 
conditions aie labeled as uremia that probably fall far short of definite 
renal disease Consequently, in many supposed cases of uremia a 
negative leaction is obtained It has been our experience that the 
diazo reaction is confined definitely to those cases in which renal 

25 Krokiewicz, A Virchows Arch f path Anat 266 239, 1927 

26 Rowntree, L G , and Geraghty, J T J Pharmacol & Exper Therap 
1 231, 1910 
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disease piedominates No case has been found in which theie was 
a normal blood urea and cieatinine and elimination of phenosulphon- 
phthalein and a positive diazo reaction 

CONCLUSION 

1 The diazo reaction is a simple test for advanced renal damage 
which can be perfoimed with the most meager laboiatory equipment 

2 A positive test was nevei found to accompany noimal oi low 
elimination of phenolsulphonphthalein 

3 A positive test was always found to be associated with a 
marked letention of nitrogenous products 

4 The test was found to be of consideiable piognostic aid in the 
cases of advanced or extensive lenal damage 



PERFORATIONS OF THE COLON IN CHRONIC 
ULCERATIVE COLITIS" 

J ARNOLD BARGEN, MD 

AND 

MINARD F JACOBS, MD 
Fellow in Medicine, The Mayo Foundation 

ROCHESTLR, MINN 

The complications and sequelae of chionic ulceiative colitis place it 
in the categoi} of senons diseases Chionic ulceiative colitis means a 
definite disease entity piesenting chaiacteiistic clinical, pioctologic, 
1 oentgenologic and pathologic obseivations Clinically, it is chaiactei- 
ized by exaceibations and i emissions, and occasionally by acute ful- 
minating infection Duiing the active stage of the disease, foul-smelling 
mucus, pus and blood aie dischaiged fiom the lectum, often associated 
with almost inti actable diaiihea The lattei depends on the extent of 
involvement of the colon and the seventy of the infections so that the 
patient may complain of constipation associated with fiequent passages 
of blood and pus, paiticulaily if the lesions involve only the lectum and 
the lectosigmoid 

Thus, because of few pathognomonic symptoms of chionic ulceiative 
colitis the disease may be confused with amebiasis, tubeiculosis, a 
malignant condition, typhoid fevei and othei lesions of the colon 
Accoiding to Buie,^ howevei, the disease piesents a typical pioctoscopic 
pictuie, and Caiman and Mooie ~ have shown the i oentgenologic aspects 
to be pathognomonic Anothei impoitant diagnostic criterion is the 
demonsti ation of the causative oiganism^ The injection of this oigan- 
ism into animals has pioduced lesions in the colons of labbits and dogs 
m all essentials like those found m man 

The seiiousness of chionic ulceiative colitis is due to complications 
and sequelae, such as polyposis,' a malignant condition,® strictuie, 
hemoiihage, peiiiectal fistula and abscess, endocaiditis, splenomegaly, 

Submitted for publication, Oct 30, 1928 

" From the division of medicine, The Mayo Clinic 

1 Buie, L A Chronic Ulcerative Colitis, J A M A 87 1271 (Oct 16) 
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2 Carman, R D , and Moore, A B The Roentgenologic Findings in Ulcer- 
ative Colitis, Am J Roentgenol 16 17, 1926 

3 Bargen, J A Chronic Ulccratne Colitis Bacteriologic Studies and 
Specific Therapy, Tr Am Proctol Soc 28 93, 1927 

4 Logan, A H Chronic Ulcerative Colitis A Review of 117 Cases, North- 
west Med 18 1, 1919 

5 Bargen, J A Chronic Ulcerative Colitis Associated with !Malignanc\, 
Arch Surg 17 * 561 (Oct ) 1928 
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mesenteric thrombosis, ocular phenomena, tetany, severe anemia, 
arthritis and perforation, the latter occurring when the ulcer extends 
deeply It may lead to local or generalized peritonitis or to an abscess 
In The Mayo Clinic records from January, 1923, to July, 1928, 
tventy-two cases in which perforation occurred (3 4 per cent) were 
noted in 647 cases of chronic ulcerative colitis In several other cases, 
the cause of death was believed to be perforation, but the complication 
occurred at the patients’ homes, and the data, therefore, were incom- 
plete , these cases are not included in this series Sixteen of the twenty- 
two patients died, a mortalit}'- rate of 72 7 per cent The diagnosis of 
perforation was made during life in eighteen cases , in six it was con- 
firmed by operation, and in four of these by necropsy also In the 
four other cases, the diagnosis was made at necropsy Twelve of the 
tiventy-tivo patients were operated on Perforation had occurred before 
operation in five cases, operation was undertaken as an emergency 
measure in only two cases In two of the cases, perforation occurred 
on the third and fifth da)'’s, respectively, after operation In the remain- 
ing five cases, sufficient time had elapsed so that the opeiation could not 
be considered an exciting cause Ileostom}' was usually performed, 
although in two cases abscesses were drained The age of the patients 
varied from 13 to 65 years, although fifteen of them were between the 
ages of 35 and 50 

The duration of the disease (from two months to thirty-five years) 
seemed to have little bearing on the incidence of perforation The 
extent of involvement was more significant , in seventeen of the twenty- 
two cases, the entire laige bowel was diseased 

The perforation was in the sigmoid portion of the colon in ten cases, 
in the cecum in three cases, in the lectmn m two cases and in the 
splenic flexure in one case , in two cases there were multiple perforations 
of the colon Two patients died of peritonitis, but necropsy failed to 
reveal a definite site of perforation In two other cases, the home 
ph3"Sician attributed death to perforation, but the site was not stated 
Three types of perforation may be noted acute, chronic and multi- 
ple Among the many sjmptoms, abdominal pain, cramps, tenderness 
and rigidity are most common Pain was present in thirteen cases, 
tenderness in seventeen, rigidity in thirteen and cramps in all The 
temperature was high in nine cases and subnormal in one case The 
maximal leukocyte count was 20,000, leukocytosis being found in six 
cases , it was not recorded in some of the others A mass was palpated 
in seven cases Hemorrhage, or an increased amount of blood in the 
stools, occurred in six cases Nausea, vomiting, thready pulse, chill, 
burning at the site of perforation, hiccup, delirium or shock may occur 
The treatment which was being given at the time of perforation did 
not seem to have a bearing on the condition The treatment as a rule 
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IS expectant ice bags or hot stupes to the abdomen, nothing by mouth, 
subcutaneous injections of sodium chloride solution, intravenous injec- 
tions of a solution of dextrose and sodium chloride, opiates to keep the 
patient quiet and transfusion if the loss of blood indicates such a 
measure Fibrinogen, a digitalis preparation, caffeine, etc , were given 
as stimulants in certain cases 

ILLUSTRATIVE CASES 

Case 1 — A man, aged 35, registered at The Mayo Clinic in 1925, complaining 
of weakness and the intermittent discharge of blood and pus from the rectum for 
two years 

Results of a general examination were essentiall> negatne except for a tempera- 
ture of 100 4 F The hemoglobin content was 71 per cent, the erythrocytes num- 
bered 4,200,000 and the leukocytes 6,700 Three examinations of the stools did not 
reveal parasites or ova, but a great deal of pus and blood was found The 
proctologist reported that the mucosa bled easily, that many irregular ulcers were 
seen and that the bow^el w'as contracted one-fourth The condition w'as diagnosed 
as chronic ulcerative colitis The patient was admitted to the hospital, where the 
temperature ranged from 99 F to 103 F Treatment with vaccine, bismuth 
subnitrate, camphorated tincture of opium, kaolin and tincture of iodine was 
instituted with a resultant slight decrease in the temperature Three weeks after 
admittance to the clinic, sudden severe, cramping, abdominal pains developed, and 
the number of stools increased The temperature was 101 F and the pulse rate 
120 Tenderness and rigidity w'ere elicited on palpation over the sigmoid Hic- 
cup then aggravated the condition A diagnosis of subacute perforation was 
made, and intravenous injections of dextrose and sodium chloride solution were 
given All treatment by mouth was stopped, and ice bags were placed on the 
abdomen 

The patient gradually grew weaker, vomited dark blood, passed about 4 liters 
of blood by rectum and died four days after the onset of the acute symptoms 
Necropsy revealed ulcerative colitis with acute exacerbation and hemorrhage, 
recent perforation of the sigmoid wuth localized peritonitis and adhesions , terminal 
bronchopneumonia and hemorrhage into the stomach from dilated venules of the 
esophagus 

Case 2 — A boy, aged 15, entered The Mayo Clinic m 1926, because of diarrhea 
of four years’ duration He was having from five to six loose, watery stools a day, 
and occasionally tarry stools 

The patient was sallow^ and pale The liver and spleen were palpable The 
temperature was 99 2 F The hemoglobin content w^as 45 per cent, the erythro- 
cytes numbered 3,390,000 and the leukocytes 17,200 Results of examinations of 
the stools for parasites and ova were negative, but a great deal of pus and blood 
was found The proctoscopic examination revealed multiple pinpoint scars and 
ulceration in the rectum and sigmoid, a few areas of larger ulceration scattered 
about m the rectum and ring contraction to 1 cm , 7 cm from the anal margin 
A diagnosis of chronic ulcerative colitis and stricture of the rectum was made 
The roentgenograms also showed chronic ulcerative colitis The patient was given 
vaccine and began to improve slowly During the course of treatment, he com- 
plained of acute tenderness in the left lower quadrant, which made it difficult to 
walk Reexamination disclosed a nodular, sausage-shaped, tender mass which 
seemed to be attached to the colon Perforation of the sigmoid and abscess was 
the diagnosis 
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A permanent ileostomy of the modified Brown type was made The abdomen 
contained free fluid The cecum and ascending colon were thick and edematous 
The mass in the left side was not explored The patient’s progress was satisfac- 
tory for one week , then the abdomen became distended and tense, and ascites devel- 
oped The temperature was 100 4 F and the pulse rate 140 Death occurred on 
the fifteenth day after operation Necropsy revealed ileostomy for chronic ulcera- 
tive colitis and general peritonitis, splenomegaly’^ and hypertrophic juvenile cirrho- 
sis, marked thickening of the entire colon and partial obstruction at the sigmoid 
with a pensigmoidal inflammatory mass 

Case 3 — A woman, aged 37, entered The Mayo Clinic in December, 1927, 
complaining of bloody diarrhea of ten years’ duration Remissions and exacerba- 
tions were frequent, the latter being accompanied by a discharge of pus and blood 
The patient was underweight The abdomen was tense and tender The tem- 
perature was 101 5 F and the pulse rate 130 The hemoglobin content was 56 
per cent, the ery'throcy'tes numbered 3,540,000 and the leukocytes 9,900 The stools 
did not contain parasites or ova, but much blood and pus The proctoscopic exam- 
ination revealed that the mucous membrane was scarred in some areas, and that in 
other areas there were superficial, irregular ulcers of \arymg sizes Slight spasm 
was noted m the lower half of the rectum where the mucosa appeared granular 
A diagnosis of chronic ulcerative colitis was made, although the signs were not as 
marked as might have been suspected from the history^ The roentgenograms 
showed chronic ulcerative colitis 

The patient was given immune chronic ulcerative colitis serum, the fever sub- 
sided, and the stools decreased m number Two months later, a chill accompanied 
by a temperature of 104 F and a pulse rate of 130 developed suddenly, this was 
followed by severe cramps, nausea and an increased amount of blood in the stools 
The abdomen was distended, tender and rigid The hemoglobin content was 50 
per cent, the erythrocytes numbered 2,750,000 and the leukocytes 13,900 A diag- 
nosis of subacute perforation was made 

Food and liquids by mouth were stopped immediately, subcutaneous and intra- 
venous injections of dextrose and sodium chloride were guen, and hot stupes were 
applied to the abdomen Six days later, the abdomen was moderately'' soft, and the 
cramps were less severe The patient improved gradually' In three weeks, when 
she was dismissed, the temperature was normal, although she passed from six to 
ten stools daily The subsequent course has been slow but progressive 

Case 4 — A man, aged 40, first entered The Mayo Clinic in 1925 He com- 
plained of intermittent discharges of blood and pus from the rectum for three 
years 

Results of the general examination were essentially negative The hemoglobin 
content was 73 per cent, the ery'throcvtes numbered 4,320,000 and the leukocytes 
7,000 Examination of the stools did not reveal parasites or ova, but much blood 
and pus The proctoscopic examination disclosed edematous and granular mucosa 
with numerous small, irregular, easily bleeding ulcers tliroughout The bowel was 
slightly' contracted Ulcerative proctosigmoiditis was diagnosed Results of the 
roentgenologic examination of the colon were negative, owing to involvement of 
only the lower part of the sigmoid and rectum 

Autogenous vaccine was given, and the patient returned in six months, at 
which time he was having only one stool daily The proctoscope showed the 
mucosa to be healed Symptoms were then quiescent until January, 1928, when 
an exacerbation occurred The general examination at this time revealed a tender, 
cordhke sigmoid The proctoscopic examination showed that the mucosa was 
granular, and that it bled after slight trauma The bowel was contracted about 
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one- third In spite of treatment, another exacerbation with fe\er and an increase 
in the number of stools containing blood and pus occurred two months later 
Diffuse abdominal pain, more localized to the left lower quadrant, \\as present, 
as were distention and tenderness The distention became acute, and the pain was 
localized to the right lower quadrant Acute appendicitis was considered, but 
owing to the severity of the colitis and the indefiniteness of the symptoms, operation 
was postponed The temperature ranged from 100 to 103 F , and the leukocytes 
from 8,000 to 15,000 The patient’s condition remained about the same, and on 
the tenth day exploration was undertaken Gas escaped as soon as the peritoneum 
was opened Perforation of the sigmoid with diffuse peritonitis was found The 
patient died several days later 

COMMENT 

The serious natuie of chronic ulcerative cohtis cannot be over- 
estimated Even with careful treatment by vaccine and seium, the 
patient’s progress is often slow Although the results are much more 
promising than under the older regimen, many of the complications and 
the sequelae aie still present The advent of any complication adds to 
the gravity of the prognosis Perforation is one of the most seiious 
complications, although it frequently is not recognized The symp- 
toms are usually definite, but they may be obscured by the extreme 
illness of the patient The treatment generally must be expectant, as 
operation offeis little promise of cure The tieatment foi this grave 
condition is preventive, and this means the early recognition of chiomc 
ulceiative cohtis before it has progressed to involve the entire colon 
In order to recognize the disease early, the proctoscope must be used 
as a routine in all cases of diarrhea and bleeding fiom the rectum 
Earlier repoits have shown that usually when the disease is recog- 
nized in the early stages, symptoms disappear under appiopiiate 
treatment 



THE METABOLISM IN PERNICIOUS ANEMIA- 


HOWARD L ALT, MD 

BOSTON 

The discovery of liver as a specific theiapeutic agent in pernicious 
anemia^ warrants the repetition of metabolic studies that have been 
performed with other modes of treatment 

The protein and respiratory metabolism of five hospitalized patients 
with pernicious anemia was determined for periods varying from 
twenty to sixty-five days These cases were under the direct super- 
vision of Dr Minot and Dr Murphy, who were studying the effect 
of standardized liver extract and experimental liver fractions on the 
course of the disease The nature of the effective fraction and the 
treatment of pernicious anemia with liver extract have been reported 
by the aforementioned observeis in detail- Since the lesponse of 
the patient to a diet of whole liver was quite similar to his response to 
that of liver extract, it was thought that the metabolic changes with 
the two methods of administration would show a close resemblance 

EXPERIMENTAL PROCEDURE 

Observations foi cases 1 to 5 are lecorded in tables 1 to 5, and are 
represented graphically for cases 1 to 3 in charts 1 to 3, lespectively 
Before treatment was begun, the erythiocyte counts in cases 1, 2, 3 and 
4 were less than 2,000,000 per cubic milhmetei, while in case 5, the 
count was 3,000,000 All the patients were women except the one in 
case 5, and none of them had received liver therapy in any form before 
entering the hospital After a diagnosis was made, each patient was 
placed on a test livei fraction, if this proved to be ineffective after 
eight or ten days, a fraction of known potency was given In cases 2, 
3 and 4 fractions of little or no potency were received at first, thus 
allowing a control period of study before the effectne fraction vas 
given 


•' Submitted for publication, Nov 14, 1928 

'From the Medical Clinic of the Peter Bent Brigham Hospital 

1 Minot, G R, and Murphy, W P Treatment of Pernicious Anemia bv a 
Special Diet, J A M A 87 470 (Aug 14) 1926, A Diet Rich in Lner in the 
Treatment of Pernicious Anemia Stud} of One Hundred and Five Cases, ibid 
89 759 (Sept 3) 1927 

2 Cohn, E J , Minot, G R , Fulton, J F , Ulrichs, H F , , Sargent, F C , 
Weare, J H , and Murphy, W P The Nature of the Material in Liver Effective 
m Pernicious Anemia, J Biol Chem 74 69, 1927 Minot, G R , Murphy, W P , 
and Stetson, R P The Response of the Reticulocytes to Liver Therapy, Partic- 
ularly in Pernicious Anemia, Am J M Sc 175 581, 1928 
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The 1 espouse of the reticulocytes and the erythiocytes to effective 
liver fractions coi respond to the responses leported by Minot and 
Murphy ® There was a lapid increase in the percentage of reticulocytes 
in the blood, from about five to seven days after the liver therapy was 
begun, the elevation continued for about nine days theieaftei The 



erythrocyte count showed a gradual and continuous increase beginning 
with the rise in the number of reticulocytes All the patients left the 
hospital before the led blood cell counts reached normal Several 

3 Minot, G R , Cohn, E J , Murphy, W P, and Lawson, H A Treatment 
of Pernicious Anemia with Liver Extract Effects upon the Production of Imma- 
ture and Mature Red Blood Cells, Am J M Sc 175 599, 1928 Minot, Murphv 
and Stetson (footnote 2 second reference) 
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months later, howevei, the patients m cases 1, 2 and 5 were found to 
have about 4,500,000 cells per cubic millimetei 

Caloric Intake — A diet rich in fiuit and A^egetables and low in fat, 
as desciibed by Muiphy and Minot, ^ was given to each patient when 
tieatment was begun Whole livei was omitted except in case 3, in 
which it was given seveial da 3 '-s befoie the patient was dischaiged fiom 
the hospital, because of a shoitage of the extiact In cases 1, 2 and 
5, the patient leceived no meat at any time The daily caloiic intake 
was voluntaiy on the pait of the patient, who was seen each day by 
a dietitian in oidei that whims as to quality and quantity of food could 
be cared foi as well as possible Refused food was weighed and the 
daily caloiic intake was computed Eithei a decreased appetite oi 
maiked anoiexia was noted dm mg the control peiiod, that is, wdiile 
ineffective tieatment was being given A few days after beginning the 
standardized extiact, usually just befoie the inciease in the numbei of 
leticulocytes began, theie was a striking improvement in the geneial 
feeling of the patient, and a maiked mciease m appetite In case 1, 
the patient could not eat enough at mealtime to pi event a ciaving for 
food that came on between meals and at night, wheieas before treat- 
ment she had no desire f oi food , m case 2, the patient had an inci eased 
intake of 1,000 caloiies per twenty-foui hours within two days, while 
in case 3 a similar inciease was noted within ten days This lapid 
impiovement of appetite and general feeling is an indication that a 
1 emission has begun and often occurs befoie there are any demon- 
strable changes in the peripheral blood It is of aid clinically in 
evaluating the pi ogress of cases m which numeious examinations of the 
blood may be impracticable 

NITROGEN METABOLISM 

The liteiatuie on nitrogen metabolism indicates that the nitiogen 
balance m pernicious anemia is fiequently negative (that is, the output 
exceeds the intake), especially during the more severe stages of the 
disease ® Rosenquist,® m a study of several cases, found that the 
nitrogen balance vaiied fiom day to day between positive and negative 
values Minot " and Peppei and Austin ® each detei mined the nitiogen 

4 Murphy, W P , and Muiot, G R A Special Diet for Patients with 
Pernicious Anemia, Boston M & S J 195 410, 1926 

5 Pearce, R M , Krumbhaar, E B , and Frazier, C H The Spleen and 
Anemia, Philadelphia, J B Lippincott Company, 1918, p 231 

6 Rosenquist, E Ueber den Eiweissstolfwechsel bei der perniciosen Anamie, 
mit specieller Berucksichtigung der Bothriocephalus-Anamie, Ztschr f khn kicd 
49 193, 1903 

7 Minot, G R Nitrogen Metabolism Before and After Splenectomy in a 
Case of Pernicious Anemia, Bull Johns Hopkins Hosp 25 338, 1914 

8 Pepper, 0 H P , and Austin, H J Metabolism Studies Before and 
After Splenectomy in a Case of Pernicious Anemia, Arch Int Med 18 131 (Tuly) 
1916 
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metabolism in a case of pernicious anemia before and after splenec- 
tomy Befoie operation, the former found a negative balance and the 
latter a slightly positive balance, while after operation, both cases 
showed a definite retention of nitrogen or positive balances Gibson 
and Howard® leported moie positive than negative balances in their 



senes Becker, m a study of eight patients, found periods in four of 
them when the balance was negative, m each instance, this fact could 
be attributed to a decreased intake of protein, fever or the severity of the 

9 Gibson, R B , and Howard, C P Metabolic Studies in Pernicious Anemia, 
Arch Int Med 32 1 (July) 1923 

10 Becker, G Studien uber den Stoffwechsel bei pernizioser Anamie, Acta 
med Scandinav 63 478, 1925-1926 
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disease Otheiwise, he obtained positive balances which not infre- 
quently reached values of from 4 to 8 Gin of nitrogen per twenty-four 
hours Weiksel stated that there is always a negative nitrogen 
balance during a i elapse and possibly a positive balance during a 
remission Shortly after transfusions of blood, he found increased 
negative balances which he explained on the theory that the residual 
blood was washed out at this time and that some tissue protein was 
carried along with it Mosenthal i eported improvement in three 
cases of pernicious anemia on foiced feedings One of his patients 



had an increase in the red blood count from 1,000,000 to 3,700,000 cells 
per cubic millimeter within a month, at the same time, the nitrogen 
balance changed from negative to markedly positive values The nitro- 
gen balance is laigely dependent on the circumstances of the individual 
case of peniicious anemia, for this reason, the results in the literature 
are not consistent 

11 Weiksel, J Ueber den Enveissstoffwechsel bei pernizioser Anamie nach 
Bluttransfusionen, Ztscbr f klm Med 105 332, 1927 

12 Mosenthal, H O The Effect of Forced Feeding on the Nitrogen Equilib- 
rium in a Case of Pernicious Anemia, Bull Johns Hopkins Hosp 29 129, 1918 
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Results — In this senes, before the treatment became effective, cases 
2, 3 and 5 showed definitely negative nitrogen balances In cases 1 and 
4, a negati-ve balance was observed on the first day of study only, 
therapy was then started, and no control period was obtained 

The twenty-four hour urinary nitrogen was determined by the 
micro-Kjeldahl method Nitrogen in the feces was not determined in 
a routine manner, 1 Gm being added to the daily urinary nitrogen 
to obtain the approximate total nitrogen excretion per day The nitro- 
gen intake was computed both from the protein in the food and from 
the nitrogen in the liver extracts which contained no protein In the 
course of the remission, it was found to increase with the general 
caloric intake The output of nitrogen decreased definitely about the 
time of the rise in the number of reticulocytes, then it increased 
slightly and maintained a more or less constant low level throughout the 
period of observation In other words, positive nitrogen balances 
occurred shortlj'' after an effective fraction was begun As the patient’s 
condition improved, they became increasingly more positive During 
the periods of the most marked retention of nitrogen (from 8 to 10 
Gm pel twenty-four hours in cases 3 and 4), determinations of fecal 
nitrogen for twenty-four hours showed figures of less than 1 Gm on 
several occasions, which makes the possibility of a large amount of 
loss in the feces during this stage unlikely No cases were studied 
throughout the entire period of erythrocytic regeneration, but it is 
supposed that the nitrogen balance would assume normal proportions 
as the blood level approached 5,000,000 red blood cells per cubic 
millimeter 

This markedly increased deposit of protein observed may be utilized 
by the bone marrow in its increased regenerative function, but more 
likely it IS chiefly used to supply the protein-starved tissues throughout 
the body 

Watei Balance — During the rise in the number of leticulocytes. 
the output of urine in the twenty-four hours diminished, then it 
increased gradually and later during remission equaled, and at times 
exceeded, the intake of fluid In cases 1 and 4, there was a gradual 
decrease in the intake of fluid throughout the period studied An 
unusually high intake was observed in case 2 following the admmistia- 
tion of an effective fraction This high intake along with the dimin- 
ished output seen in all the cases may be explained by an increased 
demand for water at the most active stage of the regeneration of red 
cells The later increase in output may be the result of (1) greater 
fluid content of the large diet or, (2) possibly, a loss of fluid from the 
tissues, since edema is a common observation in pernicious anemia 
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Body Weight — Changes in body weight during the period of 
hospitalization were negligible in all cases except case 3 in which 3 
Kg were lost before a totally effective fraction was given In cases 
1 and 2 the patients had gained 5 Kg each when seen several months 
after leaving the hospital 

RESPIRATORY METABOLISM 

The literature on the respiratory metabolism in pernicious anemia 
IS reviewed by Meyer and DuBois/® Tompkins, Bnttingham and 
Drinker, Grafe and Becker 

Meyer and DuBois found normal or onl)'^ slightly elevated basal 
metabolic rates in mild cases and higher lates in severe ones In five 
cases studied, the rates varied from plus 2 to 33 pei cent of normal, 
and the respiratory quotients weie within normal limits Boothby and 
Sandiford,’^® in a report on the metabolic rate in conditions not due to 
disorders of the thyioid gland, included fifty-five cases of pernicious 
anemia and splenic anemia classified together, 10 6 per cent of which 
had rates ovei plus 20 pei cent while the lemaining cases fell between 
minus 15 and plus 15 pei cent 

Tompkins, Bnttingham and Drinker studied the effect of blood 
transfusions on the basal metabolism in pernicious anemia In eleven 
cases the rates varied from minus 15 to plus 20 pei cent of the noimal 
late, before transfusion the moie lecent acute cases having the highei, 
and the long-standing chionic cases the lower, values Following 
transfusion in five cases of primaiy anemia, there was a drop in the 
pulse, respiratory activity and tempeiature and a response of the blood 
picture which occuried at once oi within twelve houis, whereas the 
basal metabolism fell to the lower limit of normal oi below onl}'^ after 
a few days had elapsed These authors cited the usual explanations foi 
the increased metabolic rates noted in pernicious anemia , namely, ( 1 ) 
the inci eased muscular work caused by compensatoiy, respiratory and 
circulatoiy activity and (2) the inci eased need of the young led cells foi 
oxygen They then concluded that since the i eduction of the metabolism 
lagged behind othei factors following transfusion, the decrease was not 

13 Meyer, A L , and DuBois, E F Tlie Basal Metabolism in Pernicious 
Anemia, Arch Int Med 17 965 (June) 1916 

14 Tompkins, E H , Bnttingham, H H, and Drinker, C K The Basal 
Metabolism in Anemia with Especial Reference to the Effect of Blood Transfusion 
on the Metabolism in Pernicious Anemia, Arch Int Med 23 441 (April) 1919 

15 Grafe, E Die pathologische Physiologie des Gesamtstoff und Kraft- 
wechsel bei der Ernahrung des Menschen, Ergebn d Physiol 21 1, 1923 

16 Boothby, W M , and Sandiford, I Summary of the Basal Metabolism 
Data on 8,614 Subjects with Especial Reference to the Normal Standards for the 
Estimation of the Basal Metabolic Rate, J Biol Chem 54 783, 1922 
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Simply due to cessation of compensatory musculai activih The} sug- 
gested that the metabolism was dependent, for the most pait, on two 
opposing factors outside of muscular activity (1) some t}pe ot stimu- 
lation to the body cells, perhaps only to the blood-foimmg cells and (2) 
alterations in the tissues of the body, the foimei causing an inciease and 
the latter a decrease in metabolism 

Becker,’-” m sixteen observations on the metabolic rate in seven 
patients with pernicious anemia, found variations fiom plus 1 to plus 
28 pel cent of the noimal rate One case showed a drop from plus 
22 to plus 5 pel cent within one and a half months, while the led 
cells inci eased fiom 2,3 to 4 3 million per cubic millimeter, a second 
case showed a fall fiom plus 20 to plus 11 per cent within a month, 
while the red count incieased fiom 1 7 to 3 6 million Neithei of the«e 
patients received blood transfusions oi a diet containing livei Richards 
and Stiauss ’’’ made thiee detei minations of the basal metabolic late on a 
patient with pernicious anemia while he was receiving liver therapy , 
the initial late was plus 20 per cent, and a month and half later when 
the red count had risen, it had fallen to the level of the noimal 
average 

The foiegoing lepoits indicate that an incieased metabolic late is 
common m pernicious anemia, and that as the blood picture impioves 
theie is a tendency for the consumption of oxygen to fall fiom its 
previous level 

Results — In the five cases in this senes, the metabolism was 
determined by the oxygen consumption method with Benedict-Roth 
portable machines Befoie treatment, all the patients had metabolic 
lates between minus 12 and plus 13 pei cent of the noimal rate, accord- 
ing to DuBois’ standards Consistent changes occuired m the consump- 
tion of oxygen in eveiy case duiing the i emission which took place on 
liver therapy An initial diminution of the rate was noted in those 
patients in whom a contiol period was made possible by inefifective 
fractions, this is in keeping with the lapid decline in the geneial con- 
dition of patients with pernicious anemia that is often seen when thev 
receive complete lest in bed without other treatment In cases 2, 3 
and 4, the patients became definitely worse m the few days before a 
potent fi action was given, and the fall in the metabolic late may be 
attributed to progiessive malnutiition and asthenia The next change 
in the rate was obseived at the beginning of the use in the numbei of 
reticulocytes, when it showed an aveiage inciease of 10 points in pei 
cent At this stage, theie is a sudden outpouiing of young red cells into 
the blood stream and a lelief of congestion in the bone maiiow, which 

17 Richards, I'* W , and Strauss, M L Circulator}^ Adjustment in \nenua, 
J Clin Investigation 5 161, 1928 
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piobabh icsulls in an oveiaclivily of the blood-foimmg tissues, this 
\\ould account foi the tiansient use in basal metabolism It is 
inteiesting to note that in case 2 the patient, who had a secondaiy use m 
the numbei of leticuloc} tes following theadministiation of amoiepotent 
h\ei fi action beginning with Decembei 12, had aslo a secondaiy use 
in the consumption of owgen Following the inci eased metabolic late 
diiiing the use in i eticuloc} tes, theie was a lapid fall avei aging about 
25 points in pci cent m fiom eight to ten days It lemamed at this low 
lend duiing the moic actne stage of leadjustment This diminution in 
basal metabolism icgaidless of its pi e\ ions level, is one of the most 
sti iking phenomena m the i emission 

1 he ch.mges can exiilain whe lompkins, Biittingham and Diinkei 
obseixed a dela} ol sevcial dacs in the fall of the basal metabolism 
follow mg blood tiansfiision, while the pulse, lespnation and blood pic- 
tuie 1 cat ted almost immcdiatel} lesjionse m leliculocytes piobably 
otcinicd 111 then senes, and at this time the metabolic late would not 
tall too lew tests weic made to note a use at this time 

M.un e\]iIan.itions ha\c Iicen gi\en foi the deciease m the 
metabolic i.ite obsened dining the impiovement of patients wuth pei- 
nicious anemia but it seems that Ihiec of the maiked geneial changes 
in ]ih\siolog\ lh.it occui <it this lime w'ould be the most impoitant 
influencing l.iclois Fust, .ictive altciations in tissue aie occui iing, as 
is CMfltnccd In the stoiage ot jiiotcm and the loss of watei When 
ingested ])i olein is dc])osited as new' tissue its amino-acids cxeit no 
stimukuing cftccl, oi specific d}n.imic .iclion on the metabolism’® and 
loss of this effect ma} he seen in detcimin.itions of the basal metabolic 
i.Ue in.ide fiom d<i\ to dac Second, tlieic is a ia])id change of the type 
ot cell pi cflomin.itmg in the bone niaiiow^ Peabod} has showm that a 
highh de\elo]ied meg.iloblastic h)peiplasia almost disappeais dining a 
1 emission while the noimoblasts and noimal icd cells inciease m num- 
bci d he difleiencc in the owgen icquncd by tbe embiyonic type of 
cell .md b\ the matin c cells mai m.mifcsl itself at this lime Thud, 
thcie well .ueiage deci cases of one dcgiec in tempeiatuie, ten points 
in the minute jiulse late, and (m patients 2, 4 and 5) five points m the 
i(s])iiatoi\ i.ilc, .ill OCCUI ling wnthin a few^ w^ceks aftei cficctivc theiapy 
w.is begun \ic these ch.ingcs caus.il f.ictois oi meieh the ellect of a 
decie.ismg mct.ibohsm’ The lole of fcvei in elevating the metabolism 
IS well know'll the inci cases in pulse .ind icspnatoiy activitc m patients 
with scveie anemia <iie consideied compcnsatoiy factois in maintaining 
.1 noim.il metabolism, .md then inci eased action pei se w'ould tend to 

IS Lusk, G I iiL Science of Niitiition, Pliiladelphia, W B S.uindcis Com- 
192k p 2-15 

19 Pe.ilindi, P W Tin PatholoRv of tlie Bone Manow in Pcinicions 
\nunia, Am 1 P.itli 3 179, 1927 
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affect the consumption of oxygen To sum up, tissue alterations, bone 
maiiow changes and a i eduction m pulse rate, temperature and respiia- 
toiy late would all seem directly related to a decrease m the metabolic 
rate, but the relative influence of each factor remains a question 

The geneial decrease m metabolic late was not sustained at the 
low level fiist reached, but giadually increased as the blood picture 
approached normal, which indicates that the fiist low level did not rep- 
resent the person’s normal metabolism but lathei the rate during a 
peiiod of readjustment in the course of a remission 

COMMENT 

The lapid metabolic changes m pernicious anemia occurring at the 
beginning of a remission on liver theiapy confirm the high specificity 
of liver for this disease The patient as fiist seen, with anorexia and 
weakness, is in marked contrast to the greatly improved patient seen 
aftei a week of tieatment A theory now held by many authors is that 
pernicious anemia is due to impropei digestion m the stomach 
resulting in the lack of a substance necessary foi normal 
cellular metabolism in the hemopoietic system When the deficient 
substance is given in the foim of liver, the red blood cells are 
able to mature properly, resulting in rapid changes in the blood picture 
and 111 the general metabolism At this time, there is a striking reten- 
tion of protein in the body, which is evidenced by the markedly positive 
nitiogen balances The negative balances often observed in untreated 
patients with anemia piobably lead to a general protein starvation, which 
IS quickly relieved when the bone marrow is made to function pioperly 
Or, besides i elieving a general deficiency in protein, the protein deposited 
may be utilized appreciably by the blood-forming tissues m their active 
legenerative processes 

Speculation as to the cause of these metabolic changes duiing a 
remission may throw some light on the pathologic physiology of per- 
nicious anemia 

SUMMARY 

1 Metabolic studies were conducted in five cases of pernicious 
anemia during the early part of the remissions caused by liver extract 

2 The voluntary caloric intake increased rapidly a few days after 
treatment was instituted This, with general subjective improvement, 
was often the first indication that a remission had begun 

3 A negative nitrogen balance, present at first in every case, became 
markedly positive while the patient was under treatment 

4 The output of urine decreased during the rise in reticulocytes 
and then increased, often exceeding the intake of fluid 
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5 The body weight showed negligible vai lations eai ly, and moderate 
inci eases latei, in the remission 

6 The basal metabolic late, wbich was within noimal limits before 
treatment, inci eased dunng the use in the ntimbei of leticulocytes, fell 
lapidly and remained low dining eiythiocytic legeneration, and hnally 
lose as the patient appioached a normal state 

721 Huntington Avc 



ALKALOSIS OCCURRING IN ANEMIA 
(PROBABLY PERNICIOUS) 

REPORT AND COMMENT ON A CASE 

LEWIS F FRISSELL, M D 

AND 

JOHN STAIGE DAVIS, JR, MD 

NEW \ORK 

In 1921, Van Sljke^ classified nme theoretically possible vaiiations 
in the acid base balance of the blood Tbe bicaibonate content of the 
blood may be high, low or noimal, and in each of these conditions the 
pH may be high, low or normal All of these possibilities have been 
produced expeiimentally, and most of them have been found to occur 
clinically These possibilities aie illustiated in the chart by Van Slyke 
(fig 1) It is 111 the first class that the case heie desciibed falls, that 
of uncompensated alkali excess 

In recent years, many cases of alkalosis have been lepoited in the 
literature, and to explain this condition vaiious causes have been 
asciibed,- as follows (1) The administi ation of sodium bicarbonate, 
(2) pyloric or high intestinal obstiuction, (3) fevei, (4) deep roentgen 
theiapy, (5) ceitam conditions of the gallbladdei, (6) hypeipnea, (7) 
vomiting, (8) paiathyioid deficiency and (9) nephiitis associated with 
uremia 

It is of the last gioup that we will speak in paiticulai In 1925, 
Hainson and Perlsweig^ leported a case of alkalosis not due to the 
administi ation of alkali but associated with uiemia, which was stiik- 
ingly similar to the case here discussed A biief summar}' of then 
case IS as follows The patient was anemic, she had vomited considei- 
ably, there was no free acid in the gastiic juice, the uiine was always 
acid to litmus and, the chloiide content of the blood was low (0486), 
the nonprotein nitrogen, 250, the pu, 7 6 (colorimetiic method) and 

'■ Submitted for publication, Sept 17, 1928 
From the service of Dr L F Frissell, St Luke’s Hospital 

1 Van Slyke, D D J Biol Chem 48 153, 1921 

2 Kast, L , Myers, V C , and Schmitz, H W Clinical Conditions of 
Alkalosis, J A AI A 82 1858 (June 7) 1924 Koehler, A E Acid-Base 
Equilibrium, Arch Int Aled 31 590 (April) 1923 Harrison, T R, and 
Perlzweig, W A Alkalosis, Not Due to the Administration of Alkali, Associated 
with Uremia, J A M A 84 671 (Feb 28) 1925 Foster, N B The Para- 
thjmoid Glands, Nelson’s S 3 stem of Medicine, New York, Thomas Nelson & Sons, 
1926, p 311 

3 Harrison and Perlsweig (footnote 2, third reference) 
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the carbon dioxide combining power, 65 pei cent Autopsy levealed 
that one kidne}'’ was hydi onephrotic and atrophied, and the other showed 
an advanced chronic nephritis 

REPORT OF CASE 

Htstoi y — N B , aged 38, married, an Armenian, a tailor, was admitted to the 
medical service of St Luke’s Hospital on July 12, 1926, complaining of weakness 
This condition, with dyspnea on exertion, had been progressive for four weeks 
During this time he noticed that his skin was assuming a pale orange hue He 
was forced to abandon his occupation two weeks before admission because of 
weakness He fainted twice during that time, once on the day of admission 
Following later attacks of syncope he had noticed palpitation 

Evaimnatton — Physical examination disclosed the patient to be well nourished, 
with skin of a lemon yellow tint A soft systolic murmur was heard in the fourth 
interspace to the left of the sternum , otherwise, the results of the physical exam- 
ination were negative The urine was of low specific gravity (1 010) Albumin, 
sugar and casts were not found The reaction was acid to litmus Urobilin was 
absent The gastric contents did not contain free hydrochloric acid At the time 
of admission, the analysis of the blood showed hemogloblin, 40 per cent, 
erythrocytes, 1,800,000, leukocytes, 5,900, polymorphonuclear neutrophils, 66 per 
cent, lymphocytes, 34 per cent The red cells showed moderate anisocytosis and 
achromia The platelets numbered 340,000 The bleeding time was four minutes 
and forty seconds The coagulation time was three minutes (capillary tube method) 
Reticulated red cells were not observed 

Diagnosis — A diagnosis of pernicious anemia was made, and the patient was 
put on a liver diet and given dilute hydrochloric acid with his meals He was 
also given a blood transfusion of 500 cc of whole blood He was discharged 
on August 23, at which time the hemoglobin content was 60 per cent , erythrocytes, 
3,600,000, leukocytes, 3,800, polymorphonuclear neutrophils, 52 per cent, lympho- 
cytes, 48 per cent, and reticulated red cells, 0 8 per cent 

Com sc — The patient was readmitted to the hospital on April 13, 1927 He had 
been observed in the outpatient department since his discharge and had been 
feeling well until one month previously, when he complained of nausea and 
vomiting after meals The vomiting had increased in frequency and amount so 
that he could retain nothing taken by mouth He lost about 12 pounds (5 4 Kg ) 
One day previous to admission, he had a tingling and burning sensation in his 
hands, legs and feet Ph 3 'Sical examination showed an acutely ill man, whose 
skin was a lemon j^ellow tint, and who appeared anemic His pupils reacted slug- 
gishly on light and distance The fundi were normal A cardiac murmur was not 
heard at this time The analysis of the blood showed hemoglobin, 81 per cent , red 
blood cells, 4,000,000, leukocjTes, 6,300, polymorphonuclear neutrophils, 73 per 
cent, and lymphocytes, 27 per cent The red cells showed slight anisocytosis, 
poikilocytosis and achromia The Wassermann reaction was negative The 
systolic blood pressure was 114, the diastolic, 84 The urine had an acid reaction 
to litmus The specific gravity was 1 030 , there was a trace of albumin and no 
sugar, a few hyaline casts were noted The contents of the stomach when fasting, 
the test meal and the vomitus did not contain free hydrochloric acid The clinical 
course was as follows On April 14, the nitrogen content of the urea was found 
to be 52 8 mg per hundred cubic centimeters of blood The carbon dioxide com- 
bining power was 61 7 per cent The urine contained a trace of albumin and a few 
hyaline casts The patient seemed in good condition but continued to vomit a 
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large amount of green watery material On April 22, the vomiting stopped, the 
nitrogen content of the urea was 55 8 mg per hundred cubic centimeters of blood, 
the carbon dioxide combining power was 78 7 per cent and the pn, 7 6 The 
urine contained many hyaline and granular casts Six days before this, he had 
been guen a proctochsis containing 8 Gm of sodium bicarbonate He retained, 
houe\er, onij about half of the dose The next day he received 2 Gm more by 
proctochsis On April 25, the carbon dioxide was 86 per cent by volume, the 
sodium chloride of the plasma, 4 15 Gm per liter , the pn of the blood, 7 5, and the 
total chloride content of the urine, 0 6 Gm , or 0 04 per cent On April 26, he 
again began to ^omlt On April 30, the carbon dioxide content was 74 4 per 
cent bj ^ohlme The patient died the following day 

The methods used for the analyses of the blood and urine were (1) urea 
nitrogen, Van Shke and Cullen, (2) pn of serum, indicator phenol red, (3) carbon 
dioxide. Van Shke, (4) calcium, Tisdall’s modification of the method of Kramer, 
(5) sodium chloride of the plasma, McLean , (6) urine and total chlorides, V olhard 
and Arnold Phcnol]ihthalein was used as an indicator for acidit}' The accom- 
panjing table gucs the clinical course and laboratory observations in more detail 

Patiwlogn Repot t — The pathologic report submitted by Dr L C Knox was 
as follows Onh a restricted postmortem examination w'as permitted, hence, 
mam factors of especial interest remain undetermined As no organ could be 
remoAcd the microscopic examination was limited to a small portion of one kidney 
The mucosa of the stomach did not present any ulcers but was much injected The 
p^lorus and duodenum also were apparently free from ulcers The surface of the 
Incr was smooth and glistening, and the gland w’as of normal consistency 

The left kidnej was small and the cortex nearly atrophic, owing to an old 
obstruction to the outlet of the pelvis and a resulting hydronephrosis The 
peripheral rim of kidne} tissue was about 0 5 cm thick, and the markings were lost 

The right kidncj was much larger than normal and was soft The capsule 
could be stripped onl\ w’lth some difficulty, and the cortical surface w'as red and 
granular The parenchj ma w'as much injected, and the markings w'ere obscure A 
diagnosis of left Indronephrosis with atrophy and of right renal hypertrophy with 
chronic nephritis was made 

Microscopicalh , the sections of the right kidney show'cd a slight degree of 
chronic interstitial nephritis, and also a superimposed lesion w'hich we regarded as 
a subacute toxic nephrosis This entirelv predominated over the chronic change 
The latter was slight, as shown bj' a diffuse penetration of hyaline connective 
tissue between a few' groups of coitical tubules and complete hyaline sclerosis of a 
few glomeruli Occasional hmphocytes were found in these scars, but there were 
no \ascular and almost no glomerular lesions These areas did not form the cortical 
wedges of new' tissue seen in arteriosclerotic kidneys, but w'ere somewhat irregular 
in distrihution, and their extent and significance were of only minimal amount and 
appeared relativel} unimportant 

'1 he associated acute or subacute process was severely toxic and caused great 
damage to the tubular epithelium especially, though not entirely restricted to the 
coinohitcd tubules Aluch necrosis w'as present and only a slight degree of 
regeneration The cells of the convoluted tubules were frequently without nuclei, 
the cell w'alls were broken dow'ii , the cytoplasm w'as amorphous, rarely vacuolated 
or granular Ihe lumina of these tubules contained globular masses of cytoplasmic 
debris, homogeneous and not strongly acidophil In certain tubules, there was 
also calcification of the necrotic cytoplasm, shown by blue staining droplets or 
amorphous masses sometimes within the epithelial cells and sometimes taking place 
in the already desquamated cells In a few of the straight tubules it w'as separate 
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Irom the epithelium, and the salts had the concentric rings and refractile appearance 
seen m old calcified lesions in other parts of the body, but more often it occurred 
within cells or portions of cells The glomeruli were unaffected b> this process 
and did not show CMdence of degenerative or proliferative change but w'ere much 
congested 

Ihis IcMon, iheiefoie, had the chat acteii sties of that seen m kid- 
neys nhected In bichlonde poisoning and could not be moi pbologically 
distmguislied fiom it Theie was diftuse edema and diapedesis of red 
cells ihioiighoiit the inteistitial tissue Neither polymoi phonucleai 
cells noi phagocntic cells w'eie obsened 

The unusual leatuics in the case lepoited aie (1) the association 
oi alkalosis with uicmia, (2) the piesence of a highly acid mine with 
alkalosis (3) the admiiiistiation of a high purine diet, as the patient 
was thought to ha\e pcimcious anemia 

I The A\wiialion of .llkalosis U)cnua — In many cases of 

chionic ncphiitis with niaiked nitiogen letention,' acidosis is a com- 
mon obscnatiun It was fiequentl} obserced, how^ever, espe- 
cialh In Brown Eusteimaii, Haitman and Rowmtiee,^ and by 
ralinei .ind 1 lendcison,'’ that nephiitis is pioduced by alkalosis, and 
that m,iii\ ot the toxic semptoms of alkalosis aie due to the accompany- 
ing nephritis '1 hat the admmistiation of alkali in cases of nephiitis 
IS dangcious has been showm In main obseneis Instances weie 
rejiortcd In Howland and Mai not' Moise,® Han op'’ and Sellaids^” 
1 his jiatient icccned about 6 Gm of sodium bicarbonate In lectum 
dunng his first thice da}S in the hospital, and it w^as not thought that 
this would be enough to allect him He did not haAe fevei He did, 
howe\ci. \omit It is inteiesting to note that the alkalosis w^as most 
maikcd scwcial dacs aftei the lomiting had ceased, and a w^eek aftei 
the sodium bicarbonate had been administeied Moreo^el, wdien he 
did comit he did not lose Indiochlonc acid, foi theie w'as none in the 
\omitus Thicc examinations, on difleient dacs, failed to leveal any 
fiee Indiochlonc acid It mac be possible that the sodium bicaibonate 
h.ul a piolonged effect Goldblatt " show^ed that the mine lemains 

4 Cbacc A b , and Mc\crs, V C Acidosis m Xcphrosis, J A. M A 74* 
641 (March 6) 1920 

5 Brow n. G E Eusterman, G B , Hat tman, H R , and Rowmtrce L G 

1 r)\ic Xcpbnlis in Pyloric and Duodenal Obstruction, Renal Insufficiency Com- 
pile iting Gastric Tetun, Arch Int Med 32 425 (Sept) 1923 

6 Palmer, W W , and Henderson, L J Clinical Studies on Acid-Base 
Eciuibbrmm and the Nature of Acidosis, Arch Int kled 12 153 (Aug) 1913 

7 How kind, John, and Alarriot, W M Quart T Med 11 289, 1918 

8 Morse, J L New York Af J 112 965, 1920 

9 Harrop, GAT Bull Johns Hopkins Hosp 30 62, 1919 

10 Scllards, A W Bull Tohns Hopkins Hosp 23 289, 1913, ibid 25 141, 
1914 

II Goldblatt, Al W J Biol Chem 21 991, 1927 
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alkaline for several days after the administration of alkali, but in all 
cases he gave a much larger dose of alkali and not m any case did the 
111 me remain alkaline f oi as long as a week 

2 The Presence of a Highly Acid Uiine •with Alkalosis — An 
explanation of the fact may be due to 

(a) A failure to excrete alkali 

(b) A selective excietion of inorganic acid, thus producing a dis- 
proportional acid-base balance in the blood 

(c) An overexci etion of acid and caibon dioxide by the lungs 
This could not have been present in the case reported, as hyperpnea 
was absent 

(d) A loss of acid metabolites by vomiting This condition did not 
exist in our patient at the height of the alkalosis Moreover, Haden 
and Orr stated, with good expeiimental evidence, that it is unlikely 
that the loss of chloiides by vomiting is the cause of alkalosis 

(e) An excretion of oiganic acids by the kidney Unfoitunately, 
m the case under discussion, the oiganic acids of the urine were not 
determined In the case reported by Hariison and Perlzweig,® diacetic 
acid was found m the urine Koehler also stated that acetone bodies 
may occur in the urine in alkalosis In many diseases when the num- 
ber of chlorides of the blood or mine is low, as in diabetes,^'* eclamp- 
sia^® and pneumonia,^® the oiganic acids aie inci eased in the blood oi 
in the urine, or in both A similar process may be piesent m alkalosis 
In pneumonia, Holten found that at the time of the crisis when the 
chlorides return the glycuronic acid disappeais fiom the urine He 
suggested that the letention is due to the foimation of acids which 
stimulate the tissues in some way to retain chloiides 

Acid mine associated with alkalosis has been noted by many 
observeis Han op® stated that normally 5 Gm of sodium bicarbonate 
will pioduce alkaline urine, yet m othei cases 50 Gm will not produce 
a basic leaction in the mine Sellards ^® lepoited that m the chronic 
parenchymatous types of nephiitis sodium bicaibonate is easily 
excieted, while in the acute nephiitic types with typical iiiemia it is 
excieted with difficultv 


12 Haden, R L , and Orr, T G J Exper Aled 37 365, 1923 

13 Koehler (footnote 2, second reference) 

14 Gram, H C J Biol Chem 56 593, 1923 

15 Williams, J W Obstetrics, New York, D Appleton & Company, 1923, 
p 604 Stander, H J , and Radelet, A H Bull Johns Hopkins Hosp 38 423, 
1926 

16 Medigreanu, F J Exper Med 18 259, 1913 Holten, C The Forma- 
tion of Organic Acids and the Retention of Chlorides in I obar Pneumonia, Arch 
Int Med 38 489 (Oct) 1926 

17 Holten (footnote 16, second reference) 
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3 ’Hit AdmimshiUwu of a High Puniic Diet, as the Patient zvas 
'] lioiiglil to Ilazr Pci iiu ions Anemia — The pathologic picture in this 
case IS one of toxic nephiosis which we believe to be caused by the 
iiKi casing pu of tlie tissues, and it seems piobable that a sort of vicious 
cncle IS set uji because the kidney holds back the alkaline metabolites 
and cxcietcs tliose ^^hlch aic acid 

Tins case dil'tcis fiom the one lepoited by Haiiison and Peilzweig 
m that the plasma bicaibnn.itc content in then case was only slightly 
elevated, while in oin c.ise it was vciv high Van Slyke ^ pointed out 
that the bicaibonatc content of the plasma is not an infallible guide to 
the hvdiogen ion concenti.ition 

COM M1,N r 

llaiiison and Perl/weig mentioned the possible causation of alka- 
losis b) nejihritis j he clinical and pathologic pictuie in the case 
icportcd IS one of a toxic ncphinsis a condition which has been observed 
to be associated with alk.ilosis and indeed seems to icsult fiom it The 
]iatholngic observation is of consideiable mteiest foi the leason 
that nniv a few fatal chmc.il cases of alkalosis have been desciibed, and 
fewci have been ex.immed post moitcm The icnal changes confoim 
inoi phologicallv to those occasionallv desciibed m patients who die from 
jivloiic obstuulion, with oi without tetany Renal lesions in tetany 
vvcic described first in one case bv Na/zaii,’" m six cases by Blown, 
nusteiman Ilaiim.in ,md l^owntiee in four In Zeman, Fiiedman and 
Mann.'" ,ind in one In Kno\.-‘ Foi few of these patients were as 
c<implete chemical examinations of the blood made as would now be 
deemed dcsiiable, but theic is little doubt that the lesions obseiv^ed by 
these authois vvcie piactically identical and weie associated with alka- 
losis 

Interest has n.ituiallv been focused on the etiology of the lesion. 
Its lescmblancc to the bichloiidc nephiosis, and its i elation to oi depen- 
dence on a picexisling innammatoi} lesion of the kidne}" The 
etiologv of such a condition is discussed clsewdieie in this papei The 
(lucstion of jiiodueing a lenal lesion similai to the nephrosis of bichlo- 
iide jioisonmg bv an} othei agent has been answeicd by Fahi,-- wdio 

18 Zeman, F D Fncciniaii, W , and Mann, L T Proc New York Path 
Soc 24 41, 1924 Brown, nuslciman, Hartman and Rowntree (footnote 5) 
SticKhtr, F 1 Alkalis and Rcn.il Injniy, Arch Int Med 41 10 (Jan) 1928 

19 N 17 /an, Alcssid Altcia/ioni renah nclla tetania gastnea, Pohclmico, 1904 

20 Zeman, Fnedm.m and kfann (footnote 18, first reference) 

21 Knox, L C Ptoc New York Path Soc 24 41, 1924 

22 Fahr, 1 Pathologische Analomie dcr Morbus Bnghtn, in Henke and 
Lnharsch Il.indlnich dcr siie/iellen pathologischcn Anatomie und Histologie, 
Berlin, Julius Springer, 1925, \ol 0 
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admitted that the changes caused by meicury are not specific but aie 
so highly characteristic as to justify the title of a sublimate necrosis 

Necrotic nephioses may also occui m dysenteiy, choleia, diphtheria, 
malaria, typhus and diabetes, but calcification of the tubulai epithelium 
is not described in these diseases Lubarsch observed necrosis with 
calcification twice m phosphoious and once m morphine poisoning 
Other chemical poisons resulting m neciosis, as chromium, uranium, 
hydiochloiic and sulphuiic acid, do not show the regeneration and 
calcification observed m sublimate poisoning Oxalic acid caused cal- 
cification, but of the exudate only, and not within the epithelial cells 
Calcification is believed to be dependent not only on the duiation of 
the 1 enal neci osis but also on the se\ erity, as it may occur m seven days 
with a massive dose of bichloride, and with smallei, but fatal, doses, it 
may be absent The duiation of the alkalosis in these cases can scarcely 
be determined In some patients it has pieceded and m some followed 
anesthesia, and hence may develop without the addition of anothei 
chemical irritant The patients desciibed by Brown and his associates 
had symptoms vaiying fiom six months to twenty years, and calcifica- 
tion was obseived m the kidneys of both the patients The duiation 
of the toxic agent is, theiefoie, piobably unimpoitant 

The question of the role played b} the accompanying nephritis is 
difficult in the face of such scanty obser\ations In the papei from the 
Mayo Clinic,® five of the six kidneys desciibed show, we believe, essen- 
tially, the morphology revealed in figuie 2 Although they aie classi- 
fied by the authors as “acute toxic nephiitis,'’ m only one of them were 
theie glomerular lesions, two otheis showed slight diffuse fibiosis and 
a few lymphocytes Apparently, the authors regaided the lesions as 
more toxic than inflainmatoiy This, also, was the view held by Baehi 
and Mann,"'* whose expeiimental work on cats tended to support this 
belief 

The patient desciibed, although hacing diminished lenal tissue due 
to the h 3 ^di onephi otic and atrophic left kidney, piesented an exten- 
sive acute lesion in the right kidney, essentially toxic and degenei ative, 
the lesult of othei factors than the slight chionic inflammation piesent 
m the kidne)'’ at the same time 

The absence of pyloiic oi duodenal obstiuction is notewoithv and 
indicates that the toxic state has causes other than the mechanical ones, 
which have so geneially been found It is possible that chemical 
or bacteiial poisons unknown to us weie lesponsible for the lenal 
damage 


23 Henke and Lubarsch Handbuch der speziellen pathologischen Anatomie 
und Histologie, Berlin, Julius Springer, 1925, p 221 

24 Baehr, G Proc New York Path Soc 24 41, 1924 
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In the case under discussion, other reasons for uncompensated 
alkali excess, such as the administration of alkali, the loss of acid 
metabolites b\ vomiting, fe\ei and hot bathing, are not present It is 
difficult to account foi the source of the alkaline metabolites in the 
blood, unless it is the result of a deianged metabolism occurring in a 
case of peimcious anemia m which the products of catabolism are 
alkaline lather than acid as is usuall}^ the case Moreover, m this case, 
iheie was onh one kidncA, and the piesence of an alkalosis associated 



Fig 2 — Photomicrograph showing the renal lesion in the case of alkalosis 


witli a high inn me diet ma) ha^e lesulled m the functional disturbance 
of the one good kidney, so that it w^as unable to exciete the alkaline 
metabolites, and thus a scAeie alkalosis w^as pioduced 

\’an Shke and Palmei showed that m noimal men the mine 
becomes moie alkaline than the blood (/in— / 4) wdien the caibon 
dioxide of the plasma bicaibonale exceeds 71 ±; S pei cent b} volume 
Thev also staled that m most of the pathologic cases studied the uiine 


25 Palmer, W W , and Van Sljkc, D D J Biol Chein 32 499,1917 
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did not become more alkaline than the blood until a higher bicarbonate 
content of the plasma had been reached than m normal persons Hence, 
It would seem that it is easier foi a normal kidney to excrete alkaline 
than acid metabolites , however, when the kidney is damaged, the reverse 
may be true 

In acute nephritis, it has been found that little if any ammonia^® is 
excreted in the urine This may, m part, account for the low pn of 
the urine Van Slyke and his associates stated that m spite of the 
low ammonia content in the glomeiular nephntides, if the titratable 
acid remains at about the noimal level, acidosis may be, and frequently 
IS, absent We will go a step furthei and say that not onl}^ may 
acidosis be absent, but alkalosis may be present 

In the patient described, the chloride content of the blood was 
low, and there was piactically no chloride in the urine, although he 
had been receiving sodium chloiide, ammonium chloride and calcium 
chloride by mouth, by rectum, subcutaneously and intravenously 

in experimental alkalosis, it has been found that even though 
chlorides are absent m the mine, the stomach “ continues to secrete 
hydrochloric acid noimally, m the case leported, however, even this 
was not obseived Pei haps, as Haden and Orr believed, the 
chlorides are fixed by toxic substances in the blood foi the purpose of 
neutralization It is not impiobable that it may be the function of the 
chlorides to maintain the acid base equilibrium of the tissue, and so they 
are retained That theie is a disturbance of carbohydrate metabolism 
111 alkalosis has been shown by Goldblatt,” who repoited that there is a 
definite diminution in caibohydiate tolerance and that frequently 
ketone bodies appeal in the mine of dogs on which the expeiiments were 
performed Lactic acid in the urine is also increased It may be 
possible in a condition in which the caibohydiate metabolism is 
deranged and organic acids aie formed and excreted that the chlorides 
are letamed to maintain the acid base balance 

It haidly seems piobable that the chlondes aie letained, because 
the renal threshold for chloiide is high In this event, one would 
expect the chloride content of the blood to be increased 

When one calculates the millimoleculai concentiation of the anion 
and cation, it is found that there is a loss of basic as well as of acid 
metabolites An exact determination of the millimols could not be 
made in our case because of an insufficient amount of data The 
chlorides, however, weie found to be 58 millimols, the carbon dioxide 
was 35 1 millimols and, assuming a high noimal foi organic 
acids and proteins, the total acid metabolites could not exceed 135 

26 Van Slyke, D D Linder, G C Hiller, Alma Leiter, L and McIntosh, 
J F J Clin Investigation 2 255 1926 
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milhmols , hence, the total base could not exceed this amount, for the 
two must be equal On the othei hand, if the organic acids are 
high, the foregoing statement would be invalid, and there would not 
be an} loss of basic radicals If there is a loss of base, it may 
be possible that some of the chloiide is bound by the basic radicles and 
distributed in the tissues in the foim of an impeiceptible edema 

In mail} pieviousl} lepoited cases of alkalosis," ‘ the association of 
nephritis uith the condition has been noticed, however, it has not 
been considered the cause ot the condition, but lather the result of the 
alkalosis It IS well known that the kidney has a selective excretory 
function, a common clinical obsenation is a kidney which can excrete 
salt and d}es and not nitrogeneous substances, and vice versa While 
nothing IS known of the selective alkali excietion of the kidney, there 
IS not an inherent impiobabiiit} in the assumption, howevei, m view 
of the pathologic ohseiAations in the case reported and in others,-® 
It seems more likeh that the renal lesion is the result of the alkalosis 
Tlie presence of nephiitis oi nephrosis might account for the continua- 
tion of an alkalosis vhen once pioduced, hut it is difficult to account 
for the origin of the alkalosis unless it is that in this case the 
catabolism lesulted in alkaline metabolites lather than in acid end- 
products 

SLMMAR\ 

A case of alkalosis occurring in the presence of anemia is described 
The peculiar features of the case are the association of an alkalosis 
mth uremia, the presence of a highh acid urine with alkalosis and 
the fact that the patient had been on a high pin me diet and had been 
gnen free Indrochloric acid with his meals Moreover, autopsy 
leiealed that he had onh one functioning kidne}, which was damaged 
It IS not hehcicd that eithei the \omiting oi the small amount of 
sodium bicarbonate that was administeied could cause the alkalosis 

CONCLUSION* 

The high pn in this case piobahlv lesulted fiom the formation 
of basic cnd-products, and the deianged catabolic process w'as in some 
w'a} dependent on the pcinicious anemia It seems unlikely that the 
alkalosis in this instance w'as the lesult of eithei the vomiting oi the 
administration of sodium hicaibonate 

27 Chace and ^fe^crs (footnote 4) Stieglitz (footnote 18, third reference) 

28 Brown, Eusttrman Hartman and Rowntrec (footnote 5) Zeman, Friedman 
and \fann (footnote 18, first refeience) 
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Infections by Endameba lusiolyhca aie assuming inoie and moie 
importance in the medical practice of the United States, and the liteia- 
ture of today contains fiequent refeiences to supposed cases of extia- 
intestinal lesions caused by this paiasite Doubtless some of these cases 
aie genuine, but the impression is growing that a mistake m diagnosis 
IS responsible foi a gieat many Most of these leports are wiitten by 
pathologists who are unfamiliai with pi otozoology, or h\ pi otozoologists 
who do not appieciate the hizaire foims that human cells ma} assume 
undei pathologic conditions, oi even by those who are neither pathol- 
ogists nor pi otozoologists The case leported m this aiticle lepresents 
some difficulties in diagnosis, and the obsenations may he of value to 
those similaily confionted 

REPORT OF CASE 

Htsto)v — A woman, aged 54, of Greenville, N M. was admitted to the Colo- 
rado General Hospital on Nov 29, 1925 She had contracted tjphoid fever at 
the age of 6, pneumonia at 13 and influenza one year previous to her entrance 
to the hospital At the age of 17 she had mglit sweats “due to goiter ” In 
recent years, she had undergone occasional attacks of pleurisi She had had 
frequent sick headaches associated with gastric si'mptoms Her skin had become 
extremelj" yellow ten months and six months previous to presentation She 
had always been constipated The chief complaints were as follows pain in 
all the joints of the extremities, weakness, swelling of the feet and hands, cough, 
vomiting following coughing spells, loss of weiglit and a sensation of heaviness 
across the chest At the time of admission to the hospital there had been pain in 
the knees for three years, but it had not been severe until the last six months 
Finally, the pain had spread to all the joints of the extremities Weakness was 
then marked There had not been anv fever Swelling of the feet and knees 
had been noted three months before, and swelling of the hands had been present 
for the last five weeks A bronchial cough had been troublesome for j'ears, but 
it had been much worse for the last six months The total loss of weight was 
35 pounds (15 9 Kg), of which 25 (113 Kg) had been lost during the last 
three months The sensation of heaviness across the chest had begun three 
months before 


Submitted for publication, Nov 7, 1928 
* From the Section on Pathologic Anatomy, The Mayo Clinic, Rochester 
Minn 
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Ph \<;ual E\avunaiwn — General examination disclosed marked emaciation, mus- 
cular atioph}, marked weakness, excessive coughing and sallow and slightly 
brownish skin The patient w'as intelligent and cooperative The supraclavicular 
hmph nodes on both sides w'ere palpable and tender The hands wrists and 
fingers were swollen, and the muscles of the arms were atrophied The hand 
grips were weak hut equal Dulness was noted over the lower lobe of the right 
lung, antcnorh, and socal fremitus was much increased over the right apex 
numerous inspirat )r\ rales w'ere noted over the left base, posteriorly The skin 
o\cr the abdomen w'as inelastic Tenderness was elicited in the right upper 
quadraiu and the Iner was palpable below the costal margin The knee jerks 
and otliei leflexes were active There was voluntary spasticity of the various 
muscles The clinical course of the case, w'lth results of laborator^ examinations, 
can best be lollo ved chronologicalK 

Laboi ato) V Exainaiatwii ’; — On No\ 30, 1925, the urine did not contain anv- 
thing abnoiiml \ ith the exception of numerous thieads of mucus The hemo- 



1 ig 1 — Xiiich i-hkc cells from the pleuritic fluid, m active motion There 
arc se\eral relatixch sharp pointed pscudopodia for each cell Hj'alme refractive 
bodies arc found in the crtoplasm, even w'cll out into the pseudopodia These 
arc probabU lat droplets One nucleus is distinctly outlined There are no 
\aciiolcs (Photograph bv Dr Hugh Kingcry, X 650 ) 

globin was 74 pci cent Erethrocytes numbered 4,600,000 and leukocytes 16,000 
per cubic inillimetcr Eightv-six per cent of the leukocvtes w'Cic polymorphonu- 
clear neutrophils On Dec 1, 1925, pain was noted in the right side of the 
chest, in the midaxillary line, especially on coughing There were no physical 
signs to explain tins pain 1 here was a marked rise in temperature The number 
of lciikoc\tcs rose to 22,230 per cubic millimeter The Wassermanii test was 
ncgalirc On December 3, 30 cc of turbid, flaky fluid W'as withdrawn from 
the light plcui,il cavitv The fluid w'as not bloody, it contained “ameba-like cells” 
which occurred in pure culture, travelled across the field rather rapidly and 
thrust out sharp pscudopodia A nucleus was to be seen m a few' of them, 
but rather indistinctly Bacteria were not found in this fluid Erythrocytes from 
a human being \,'cre added to the culture in a test tube, and w'ere engulfed in 
small numbers 1 hese ameba-likc cells remained alive in the cultures foi three 
weeks (fig 1) 
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Special Examinations — Examinations with special apparatus were now indi- 
cated, and on December 4 roentgenograms were made The lower third of the 
right lung was obscured by an area of rather homogeneous density which was 
shown, by shifting the patient’s position, to be attributable to the presence of 
fluid (fig 2) A separate shadow at the hilum was thought to be a tumor 
There was increased fibrosis and peribronchial thickening throughout the entire 
bronchial system, with fibrotic and partly calcified lymph nodes and strands 
radiating from the hilum The heart appeared normal, but the right border could 
not be outlined The liver was normal The left kidney was smaller than the 
right The spine was normal Periosteal changes and spurs were noted in the 



Fig 2 — Roentgenogram of the chest, showing fluid m the right pleural cavity 
The shadow blends with that of the right border of the heart The shadows 
about the hilum tv ere suspected to be those from a malignant growth 

heels An extensive lacework-t 3 "pe of periosteal change of both tibias and fibulas 
(fig 3), less marked in the metatarsals, was present The ankle joints appeared 
clear The knee joints gave the appearance of synovial thickening, such as is 
found in villous arthritis There were no bony or cartilaginous changes The 
same type of periosteal thickening was found in the metacarpals and phalanges, 
as well as in each radius and ulna (fig 4) This periostitis was not syphilitic 
in type but resembled more closely pulmonary osteo-arthropathy Cystoscopy 
performed on December 5 revealed a normal bladder and normal ureters The 
urine, obtained by ureteral catheterization, was sterile There vv'as marked delay 
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in piicnolsulplionphtlicilcm excretion from tlie riglit Kidney Aniebas were not 
lound ni (lie feci. <5 cither b\ tiie warm-stage metliod or bv the iron hematoxylin 
stain 

Various expedients were tried during the next six or sceen eveeks in the 
hope of arming at a definite diagnosis and helping the patient On December 
12 1 specimen of sputum was found to contain ameba-hke cells The leukocytes, 
on Deccinbcr 8 mniibcred 83.000 

On Deeenihc' 11 a p^clogram show'cd enlargement of the pelvis of the right 
kidnc\. and a shadow suggested the presence of a calculus The kidney was 



l',p 1 — Rociitgcnogram of the foot Periosteal thickening of the lower end 
of the tibia and filnila, .ind to a lesser extent, of the metatarsals is noted There 
IS a spur on the os calcis 

displaced downwaid Thoracentesis of the right side of the chest w^as performed 
on December 12, when 15 cc of a turbid fluid wxis wathdrawm When the fluid 
stood, .1 gelatinous clot formed Ameba-hke cells w'cre present in large clumps 
In the warm incnbator, these moved out freely They measured from 25 to 30 
micronnllimcters in diametci 

ricahncnl am! Sub<;c(iiiciit Coui<;c — Followang this examination, treatment 
with emetine w.is begun on December 13, and the general condition of the patient 
iinpro\ed rapidlj The sputum contained ameba-hke cells The urine contained 
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ameba-like cells ^hich were from 5 to 15 micromilhme'ers m diameter, as well 
as organisms found to be Ti ichoiitonas vaginahs The patient was much more 
comfortable b} the night of December 14 The hemoglobin on that day was 60 
per cent, the erythroc\tes numbered 3,100,000 and there were 77,000 leukocytes, 
of which 71 per cent were pohmorphonuclear neutrophils On December 17, the 
sputum contained ameba-like cells, but none w'as found in the feces There w'as 
continued improeement until Decmber 20, but indurated areas developed in the 
arms from the injections of emetine A roentgenogram of he chest was made 
on December 24, after partial aspiration of 400 cc of effusion (fig 5) There was 



Tig 4 — Roentgenogram of the hands Periosteal thickening of the radius 
ulna, metacarpals and phalanges is noted The wrist joint is apparentl} free 

still uncertaint} as to the nature of the condition in the region of the right lung 
the diaphragm and the liver T1 e condition of the hands and feet remained 
unchanged The stomach and gallbladder appeared normal After an interval 
of four da^s, the treatment with emetine w'as resumed on December 27 The 
patient felt better and slept soundh The cough w'as markedly lessened On 
December 31, the condition of the lung had not changed Deep roentgen treatment 
■was instituted Bj Jan 6, 1926, local results w'ere not observed from the roentgen 
treatments, but there was improvement m the general condition An examination, 
from the orthopedic standpoint, w'as made on Januarj 6 Both arms were tender 
to passne motion The right elbow' lacked 15 per cent of full extension, and 
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tlic left 25 per ctht There was limitation of motion in the w'rists and phalanges, 
and slight S}no\’lis of the affected joints It w'as felt that the periostitis w'as 
caused b^ absorption from some infection 

On Jamiar\ 7, ^arlous evaminations were repeated The hemoglobin was 75 
per cent The crjthrocjte count w'as 4,170,000, the leukocyte count, 16,700, 
and of the leukc(\tcs 75 per cent w'cre pohmiorphonuclear neutrophils Bacilli 
of tuberculosis were not found in the sputum Examination of the pleuritic fluid 
show’cd that it \,as hazj, that it contained numerous wdiite flakes and that it 
was sterile On the warm stage w'ere seen large nonmotile cells of uncertain 
tjpc Some of the smaller cells measured about 15 micromillimeters in diameter 



Tig 5 — Rocnlgtnogrdw of the chest after wnthdraw^al of considerable fluid 
1 he sharph dem ireated shadow in the right side of the chest is believed to 
indicate a malignant tumor and an area of consolidation of the lung Ijing nearer 
the wall of the ihest 

^faiu cells, both large <ind small, show'cd long projections A hematoxjlm and 
tosin stain of the sediment show'ed the nuclei to be round or oval , some stained 
htasilj and others lighth Mitotic figures were not seen The large cells 
measured as much as 25 micromillimeters in diameter The question of a malig- 
nant condition w’as raised An occasional crythrocj'te and once in a wdiile a 
pohmorphomiclear neutrophil w^ere seen This specimen w'as examined several 
hours after wntlun aw'al and after it had been allow'ed to cool 

By January 15, some difficulty in sw'allow mg had developed Accordinglj, on 
December 14, a ucnlgcnogram was made of tiie esophagus Opposite the bifur- 
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cation of the trachea was noted a constriction which was conical in shape, with 
the apex pointing downward A malignant condition was suspected (fig 6) 
Esophagoscopy aid not reveal involvement of the mucosa 

On January 25, the patient was dismissed from the hospital at her own request, 
and unimproved in most respects The diagnosis on dismissal was malignant 
growth of unknown nature in the mediastinum, and pleuritis of the right side 
of unknown etiology She was admitted the same day to the Woman’s Hospital, 
Denver Biopsv of a cervical lymph node was made (Mumey) on January 26 
From this the diagnosis of carcinoma was made (Mills) 



Fig 6 — Roentgenogram of the esophagus containing contrast medium The 
conical dilatation is due to stricture below, the result of pressure from the left side 


The patient became progressively worse and suffered from increasing difficulty 
in swallowing and oppression in the chest She died at 9 p m on January 29 
Necropsy was performed at 10 30 p m (Mills) 

Postmoi tciii Examination — Postmortem examination showed, externally, irreg- 
ular masses of lymph nodes above the clavicle The joints in various parts of 
the body were enlarged and irregular in outline The bones of the hands and 
fingers were definitely enlarged, and the tips of the fingers were clubbed The 
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knees ^Yerc greatly enlarged The left ankle creaked on passive motion The 
toes ^\ere not as large, relativelj, as the fingers 

Within the abdominal cavit}' were numerous lax fibrous adhesions which were 
cspecialh noticeable between the dome of the liver and the adjacent part of the 
diaphragm The small scars or thickenings of the capsule of the liver had no 
counterpart on section of the organ, which was normal m all respects The 
gallbladder contained two irregular, faceted, grayish-brown stones 

The left kidney w'as normal m size and appearance, whereas the right was 
somewhat enlarged and had a distended pelvis m which lay a soft, friable, 
irrcgularlj -shaped stone, measuring 3 cm in the longest dimension and 0 5 cm 
m the shortest dimension The calices w'ere thickened, but there was no definite 
change in the cortex or medulla The wall of the pelvis was somewhat thickened, 
and the surface w'as irregular and somewhat hj'peremic The corresponding ureter 
was likewise thickened and inflamed 

Abnormalities were not discovered in the gastro-mtestinal tract except that 
the esophagus was adherent to the surface of the mediastinal tumor just below 
the bifurcation of the trachea The mucosa was freely movable in spite of the 
fixation of the external lavers Abnormalities were not found in the following 
organs and structures vascular sastem, spleen, suprarenal glands, bladder and 
fcnnlc genitalia 

In the thorax no trace of thvmus was found The pericardial cavity was 
normal There v tre about 600 cc of cloudy, yellow fluid in the right pleural 
caMtj which, on standing, formed a ycllownsh flocculent precipitate The left 
side of the chest was free from fluid There were numerous lax, fibrous adhesions 
which bound the apex of the left lung to the wall of the chest A hard mass 
was felt at the root of the lungs extending along the vessels into both lungs, 
particularh into the right Firm nodules were noted in this region, lying under 
the pleura, but completely covered by it The upper lobe of the right lung 
was csscntialh fiec from tumorous involvement, there was one small nodule 
in tlie posterior free margin The anterior portions of the lung were free from 
fluid and W'crc essentially normal, but the posterior portions w'ere soggy and 
edematous Near the apex w'crc tw'o or three small, calcified nodules, which 
represented healed tuberculous lesions The middle lobe was almost entirely 
occupied bv a mass of tumorous tissue measuring about 6 cm in diameter The 
outline, after incision, w-as found to be irregular, and sharply demarcated from 
the adjacent lung tissue The neoplastic tissue w^as pinkish and of relatively 
uniform consistency and coloration It had been little affected by hemorrhagic 
infiltration (fig 7) The adjacent lung tissue was definitely compressed, but was 
not filled W’lth fluid This lobe was attached to the lower one by a number of 
lax, fibrous bands The lower lobe was completely consolidated, but there were 
few' tumorous nodules in it The material filling the alveoli and bronchi was 
unusually gelatinous and spongy (fig 8) Mucus strung out of the air cells 
and from the smaller bronchi The mucus was brownish, resembling that found 
in the stools from patients with amebic dysentery The pleura was not obviously 
involved and was smooth and glistening The bronchi were free from obstruction 

The left lung was almost entirely free from neoplastic tissue and was not 
consolidated by the presence of any mucoid material There were numerous 
adhesions between the lobes 

In the anterior mediastinum, about the roots of the lungs, were hard masses, 
which on section were found to be composed of the same sort of tumorous tissue 
as that previously described It appeared to involve the lymph nodes in the 
vicinity, and also to form separate masses in which anthracosis was not seen 
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This was more apparent on the left side than on the right In this region, 
there was no encroachment on eitlier blood vessels or bronchi The tumor 
extended upward, and at the bifurcation of the bronchus, perforated the wall, 
producing a grajosh area of necrotic material that protruded slightly into the 
lumen In the adjacent portions of the bronchus, the wall was markedly infiltrated 
Above this point the various hmph nodes were all enlarged, and those above the 



Fig 7 — Gross specimen of the organs of the chest view’ed from behind 
The right lung has been split open to sbow' the spread of the tumor The invasion 
of the peribronchial lymph nodes, the involvement of the bronchus, and the 
attachment to the w'all of the esophagus may be seen The liver, attached to 
a portion of the diaphragm, is showm below The area of mucoid infiltration 
was taken from the low'er portion of the right lung, where the dense shadow 


IS seen 
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Fig 8 — Area of mucoid infiltration from the lowci lobe of the light lung 
flic bronchi appeared as if injected witli gelatin The entiie lung in this area 
was devoid of air and completclj" consolidated Tumor cells were not found m 
tins region, nor end these bronchi come into intimate contact with the tumorous 
mass in the hilum 
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clavicle were still larger, some measuring 2 5 cm m diameter These were 
somewhat harder than those lower down, and contained less coal pigment 

The anatomic diagnosis was squamous cell carcinoma of the right bronchus, 
with extension to the adjacent lung, the regional lymph nodes, the anterior 
mediastinum and the thyroid gland, with perforation of the bronchus and dis- 
placement of the esophagus , mucoid infiltration of the right lower lobe of the 
lung, hydrothorax m the right pleura (600 cc ) , chronic bronchitis, and broncho- 
pneumonia, periosteal proliferation of the skeleton (pulmonary osteo-arthropathy) , 
cholecystitis and cholelithiasis (two stones), nephrolithiasis (right) and pyelitis, 
infarction of the right kidnej' , multiple peritoneal adhesions especially between 
the liver and diaphragm , healed tuberculosis of the lung (calcified tubercles) 
and hilum nodes with multiple pleural adhesions and emaciation 

Mia oscopic Eiamimtion — On microscopic examination, the heart, pancreas 
and suprarenal glands were found to be normal In the spleen was marked 
endarteritis and h 3 ’'almization of the walls of the blood vessels, many of which 
were almost closed The malpighian bodies were distinct and normal There 
was much blood pigment m the reticulum cells of the pulp There was slight 
swelling and granular degeneration of the epithelium of the proximal convoluted 
tubules of the kidneys 'The cells of the liver appeared normal except for an 
occasional large droplet of fat There were occasional collections of cells 
including degenerated nuclei, possibly of leukocytic origin, and a few lymphocytes 
and histiocytes, but the cells were not recognizable as amebas The adjacent 
cells of the liver showed marked degenerative changes The capsule was thickened, 
and here and there was attached to the diaphragm by bands of fibrous tissue 
There were no scars beneath the points of attachment The diaphragm was 
normal 

The mucosa of the bronchi w'as everj'where intact except at one point which 
IS to be described There was considerable purulent material attached to the 
walls, and an occasional ameba-like cell was to be seen m it The submucous 
tissue was heavily infiltrated with lymphocytes, histiocytes and a few leukocytes 
Amebas were not seen The infiltration involved the peribronchial nodes and 
surrounding fascia Masses of tumor cells filled the lymphatics At one point 
the epithelium was broken, and the surface was slightly raised Columns of 
cells passed from this point deep into the tissue, and blended with the carci- 
nomatous material below It was believed that the malignant growth took origin 
at this point, but the possibility of secondary involvement could not be excluded 
The columns of cancer cells swept abruptly into the adjacent lymphatics and 
spread up and down inside the cartilaginous rings The cells of the bronchial 
epithelium were definitely smaller and less heavily stained than those composing 
the carcinoma 

Microscopic examination of the malignant growth showed its spread by way 
of the lymphatics m the form of strings, bands, columns and irregular masses 
The adjacent structures suffered degeneration as though by" pressure The nuclei 
of the cells were oval or elliptic, and extremely" variable in size, ranging from 
a minimum of 10 micromillimeters through an average of 15 to 20 micromilh- 
meters, and manv of great size reached fully 100 micromillimeters m diameter 
The largest nuclei were often of irregular shape, and often were stained deeplv 
These, as well as many others, showed various stages of degeneration Mitotic 
figures were numerous, and the forms often were bizarre Inclusion bodies also 
were numerous “^ome were inside the nucleus or cell , others of similar appearance 
lay outside and, when large, had a superficial resemblance to Hassal’s corpuscles 
They were devoid of definite or constant structure, which suggested that they" 
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had been formed from degenerated material that had become hyalmized and 
compressed Thej always stained red Remnants of bronchial glands were 
occasionally seen The tumorous masses had a decided tendency to degenerate 
centrallj when they had reached considerable size They remained attached 
together so that there were no free cancer cells in the alveoli, or in the bronchus, 
where this w'as in\ohed Evidence of the tissue reaction provoked by invasion 
consisted chieflv of the presence of epithelioid cells, some Ivmphocytes and an 
occasional leukoc' te \Vhere the muscular tissues in the neck were invaded, the 
fibers were separated b\ appreciable intervals in wdiich w'as found loose tissue 
containing numbei'^ of fibroblasts The blood aessels in the affected parts often 
showed proliferated endothelium In some areas, there were collections of carbon- 
containing cells suggesting that a lymph node had been completely overgrowm, 
without leaMiig any other trace of its existence 

The thjroid gland W'as examined for evidence of the effect of the tumor 
The acini of the tlnroid gland w'cre irregular in shape and size, although none 
was large Tlie colloid material stained poor]3' The cells w^ere cuboidal but 
without papillarj infoldings An occasional area of round cell infiltration was 
seen, but there was no other suggestion of hj peractivity Numerous irregular 
but extensne bands of connective tissue passed in various directions, apparentlv 
compromising the form and function of the adjacent acini In many places, this 
tissue was infiltrated b\ a In aline homogeneous substance, indistinguishable from 
colloid, suggesting the escape of this material from ruptured acini At the lower 
pole, the tumor had begun to infiltrate the gland, displacing the acini and producing 
the usual degenerative phenomena 

The tumor closeh approximated the epithelium of the esophagus, but did 
not actualh touch it at am point An occasional collection of round cells w'as 
seen in the coriuni 

imaded and uifiltratcd portions of the lungs received considerable attention 
In that portion of the lung which w'as in\aded bj tumor, the tumorous masses 
had the same appearance as noted previoush There was no special relation 
between these groups of cells and the exudate hing in the alveoli Evidence 
of irritation produced b\ the grow'th of the cancer cells w'as not seen There 
were scattered patches mdicatne of frank bronchopneumonia, and in other portions 
there was a heterogeneous grouping of cells composed of leukoc^tes, histiocj'tes, 
desquamated ahec’ar epithelium and an occasional hmphoc.vte This heterogeneity 
was not altered b^ the occasional presence of masses of fibrin or of serum 
The different Upes of cells were readih distinguishable from each other and 
from cancer cells , none of tlicm bore the slightest resemblance to amebas They 
were not surrounded by ain mucoid, homogeneous material Some of the larger 
cells were irreguhrlj vacuolated, and a few' contained inclusions The bronchi 
in these portions contained groups of leukocytes, and either serum, or, in some 
cases, a little mucoid material The large mononuclear leukoc\tes in this exudate 
had only a superficial resemblance to amebas, such that they might be designated, 
when in the sputum, as “ameba-hke cells" 

The general appearance of the tissues in the infiltrated portion of the low'er 
lobe of the right lung was normal Evidence of bronchopneumonia or cancer 
cells W'as not pre'^ent The alveoli about the edge of the area were collapsed, 
and contained practicallj no free cells The interstitial tissue contained a few' 
carbon-laden mononuclear leukocytes, and an occasional collection of lymphocytes 
Leukocytes were rarelj seen The same description applied also to the infiltrated 
portion, except that the alveoli w'cre w'ldeh dilated and completely filled w'lth 
a homogeneous material that w'as colored light pink or bluish, depending on the 
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mtensit\ of the eosin stain The adjacent bronchi were filled -ttith the same 
material (fig 9) The cells King free in the exudate were wndely separated 
as though a cehular suspension had been liighlv diluted (fig 10) The alveolar 
epithelium, in main places, was intact, in others more or less loosened, and 
the indnidual cells were somewhat sw’ollen Those completely detached w'ere 
slighth larger, and had assumed a circular outline 

There was another t\pe of cell, usuallj larger and with a slightly larger 
nucleus Occasionalh, although rareK, the cell contained particles of pigment 
resembling carbon, but inclusions of various forms were often seen (fig 11) 
The c\toplasm was foamj, reticulate or vacuolate in structure, the cells which 
stained a deeper led tended more tow'ard a homogeneous texture Occasionallj 
tw'O nuclei were seen in a single cell The shape of the nucleus varied greatlj , 
the^ were perfecth spherical, elliptic, oval, or of still more irregular form 
The chromatin was arranged peripherallj, wnth threads passing radially to meet 
a centrallj placed nucleolus Tinv bits appeared to be scattered along the threads 
at irregular intervals A second nucleolus was occasionalh seen Some of these 
cells stained less heavih, and the nucleus had a sketchv appearance The outline 



Tig 9 — all of a bronchus the lumen of w’hich is completelj^ filled wnth 
a homogeneous, mucoid, blue-staiinng material The irregular masses are con- 
densations of this mucus Lwiig free are several cells likely to be mistaken for 
Endamebae, which explains their appearance in the sputum during life Hema- 
tox\hn and eosin X 150 

was perfectlv presen ed but there appeared to be less chromatin present and 
c^ en this w'as lighter in tint In a slide stained w'lth iron hematoxylin the nuclear 
structure of man\ of these cells bore a striking resemblance to that of Endamcba 
lustolvfica With this method of staining, the shape of the nucleus w^as not 
altered, but the peripheral distribution of the chromatin w'as emphasized, as w'cll 
as the spokelike radiations of the nuclear threads In those cells wnth a perfecth 
round nucleus, the appearance was puzzling In a few' instances, the presence 
of two chroinat n bodies within a nucleus produced a picture that might w'ell 
be interpreted as a stage m the mitosis of an ameba The spindles w'ere not 
clearh distinguishable, but the similaritj to chromosomes w'as close In one 
instance the number of these chromosome-like bodies w'as small, not more than 
SIX or eight, thus increasing the similaritv The conclusion reached m regard 
to these large cells was that the\ were hlstloc^tes, or mononuclear w’andering 
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cells (also called clasmatocytes), that had been modified in their morphology by 
reason of their unusual environment The vacuolation represented an hydropic 
degeneration in various stages of intensity, and the nuclear changes consisted 
of a loss of chromatin, but without the appearance of pyknosis or karyorrhexis 
It was difficult to be absolutely sure of the complete absence of amebas in this 
region 



Fig 10 — A portion of the lung affected by mucoid infiltration There is 
usuallv little or no change in the alveolar walls, aside from desquamation of 
more or less of the epithelial lining Many of these are still attached Many 
of the free King cells resemble Endamcbae In the lower left hand cornei is 
an unusualh laige cell that resembles Balantidium coh (Hematovyhn and eosm, 
X 150 ) 



Fig 11 — Group of large mononuclear cells, the one in the ccntci of the 
picture contains the remains of a red corpuscle Fragments are seen in some 
of the other cells (Iron hematoxylin , X 1000 ) 

The pleura and knee joint were examined for evidence of amebic invasion 
There was no exudate on the surface of the pleura, and no sign of any amebas 
passing through this tissue The %'essels were not cngoiged, and there was no 
evidence of inflammatory change The pleura on the right side was no different 
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from that on the left Amebas were not recognized in the knee joint Histiocytes 
were often seen, especiallj about the fragments of bone An occasional area of 
perivascular accumulation of lymphocytes was found The synovial membrane 
Avas thrown into villi, with slight superficial erosion, and in other portions it 
was entirel}' replaced by granulation tissue 

COMMENT 

The possibility of an infection by Endameba histolytica was given 
serious consideration duiing the progiess of this woman’s illness The 
idea originated with the observation m the pleuiitic fluid of actively 
motile cells that thrust out pseudopodia and engulfed red coipuscles 
when they were offeied An occasional nucleus was seen, but vacuoles 
were not discovered This activity was preserved on the warm stage, 
but disappeared when the fluid became cool Consolidation which was 
discOAered in the lung might have been caused by an abscess, either 
primary, as has been reported on rare occasions, or secondary to one in 
the liver There was a little tenderness over the legion of the hvei, 
but there was no jaundice at the time of examination The patient had 
lost consideiable weight, as do most patients with abscess of the liver 
This patient did not haA^e a history of d3fsentery, although dysentery is 
not always recoided in these cases Constipation occasionally accom- 
panies amebic infections, especially those of the extremely chronic type 
In New Mexico, where the patient had lived, there is a rathei high 
incidence of amebic infections, and m fact such infections are being 
recognized AVith inci easing frequency m various parts of the United 
States An appreciable percentage of hepatic abscesses occurs without 
histor} or sign, clinically or pathologically, of ulceiation of the bowel 

The laboratory reported the presence of ameba-like cells in the 
sputum, and later, in the urine, but none could be found m the feces 
It Avas then lecalled that fiequent reports are found in the cuiient liteia- 
ture of amebic bronchitis, amebic bionchopneumonia, amebic cystitis 
and amebic nephiitis, in fact, of A'^arious exti a-mtestmal nonsuppuiative 
Aisceral localizations of Endameba histolytica These had not been 
leported from this country as yet, but if they occuired in certain coun- 
tries, there Avas no reason Avhy they should not be found in the United 
States 

The roentgenographic lepoit of a peculiar foim of peiiostitis recalled 
the report of a type of arthritis, especiall}'- of the hip, in which amebas 
had been reported If amebic arthiitis of the hip were known to exist. 
It might be more extensn^e and might inA'-oh^e other joints as well 

Emetine has been credited with a cure in all the nonsuppurative 
cases of amebic infection of the lung, bronchi, urinai}'^ bladder, and 
kidneys, and AAUth haAing exerted beneficial action in A^arious more 
obscure lesions supposed to be related to this form of infestation 
Emetine AA^as tried, therefore, Avith Avhat seemed to be phenomenal sue- 
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cess Aftei- a shoit time, however, the impiovement seemed to stop, 
and the patient began to lose stiength Difficulty in swallowing devel- 
oped, and obseivers again entertained the idea of a malignant condition 
Latei a malignant condition was proved to exist, but the idea peisisted 
that theie might still be an amebic infection piesent 

Even at the time of necropsy, seveial characteristics weie noted 
that had a beaiing on possible amebic infection Theie was a mass of 
adhesions between the diaphiagm and the livei, as though a pievious 
infection might ha^e passed fiom the liver through the diaphiagm, but 
scais weie not piesent to indicate a definite abscess of the hvei oi aiea 
of diffuse hepatitis The intestine did not leieal evidence of piesent 
01 past amebic infection The portion of the lung neaiest to the light 
pleuia was consolidated, and fiom the cut suiface could be squeezed 
bioivnish mucus identical in color and consistence wuth that so often 
seen m the stools fiom patients wuth amebic colitis The cause of this 
consolidation could not be attiibuted to obstiuction of the connecting 
bronchus b) the de\ eloping caicinoma, for the bionchus seemed to be 
clear ]\Iici oscopically, the cells m this area w'eie diffeient from those 
found in aii} other portion of the body, and ladically difteient fiom 
those m othei parts of the lung These cells w^ere neithei cancer cells, 
nor epithelial cells cast off bi desquamation Some of them lepio- 
duced accurateh the \arious forms of amebas obseived in othei lesions 
Howe^el the wade variations m the appeal ance of the nuclei in cells 
othenvise appaiently identical w^as the deciding factoi against their 
being amebas Still, the thought lemained that among these cells theie 
might have been a few' amebas wdiich had been capable of piolonging 
the diseased condition of the lung even though the> might ha\e been 
mingled with abnormal cells of the human body The decision on the 
last point has been the most difficult of all, but it is felt that the 
existence of amebas could not be demonstiated On this new' basis, 
the clinical data ma} he leview'ed w'lthout lefeience to the possibility 
of amebic infection, but w'lth the caicinoma of the lung and othei 
lesions consideied as piedominant 

Chronic bronchitis doubtless had been present foi }ears, w'lth later 
development of the bionchogemc caicinoma Pam in the light upper 
quadrant w'as caused by gallstones and imolvemenl of the light kidnc} 
Associated wnth the disease of the gallbladdei w'as mild hepatitis w'hich 
left a few' adhesions betw'een the capsule and the diaphiagm The 
focal neciosis must ha\e been of lecent oiigin, possibly attiibutable to 
sepsis from the infection of the kidne) The pleuiisy of the light side 
might ha^e been an iiiitative phenomenon fiom the development of a 
cancerous nodule beneath the pleuia, and the consolidation of the 
dependent poition of the affected lung might have been attiibuted to 
immobilization and lack of piopei conditions foi the lemoval of 
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exudate by the bionchial epithelium The periosteal lesions weie 
probably on the basis of focal infection fiom the condition of the lung 
and thus corresponded lather remotely to the so-called pulmonaiy 
osteo-arthiopathy The apparent beneficial effect of emetine was not 
caused by the lemoval of an amebic infection, but was attiibutable to 
a systemic effect which the use of this diug is known to pioduce in 
various foims of pulmonary disease 

Without a thorough study of this case it is felt that the conditions 
piesent might have led to a leport of nonsuppurative, amebic broncho- 
pneumonia, complicated by a caicinoma of the lung It is felt that 
most of the current repoits of amebic infections of the lungs, and so 
forth, aie based on even less evidence than is heie presented, and that 
the conclusions aie erroneous for the reasons that can be deduced from 
this detailed account It is not sufficiently appreciated that body cells 
undei piopei conditions can be extiemely active, and that their mor- 
phology can be easily confused with that of amebas Furthermore, 
cells that look, and perhaps act, like amebas, in the sputum and urine, 
may not be amebas The impiovement undei tieatment with emetine is 
not a diagnostic point in favor of an amebic infection as is so com- 
monly supposed 

SUMMARY 

A detailed case leport is presented in which there was leason to 
suspect an infection with Endameba histolytica, but which proved to 
be a bionchogenic carcinoma associated with hydrothorax, mucoid 
infiltiation of the lung and disease of the gallbladdei and kidney 

Certain cells, when obseived on the waim stage, manifested activity 
and assumed moiphology that might readily lead to confusion with 
amebas 

Cells of the human body, especially histiocytes, under pathologic 
conditions simulated amebas when viewed in sections stained either with 
hematox3din and eosin or with iron hematoxylin 

One case does not justify sweeping conclusions, but the intensive 
study of this case involved extensive search of the literature and was 
made against a background of many yeais of work in parasitology 
Theiefore, it is safe to conclude that if there is doubt as to a given 
cell in the body being an ameba, it piobably is not Disregard of this 
as a cnteiion mav lead to fuithei eiioneous conclusions 
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Agianuloc} tosis oi agianuloc 3 tic angina, so called, was desciibed as 
a clinical entity b}’’ Schultz ^ in 1922 Since that time it has been widety 
accepted as such, uumeious additional cases have been lepoited, and 
the name has come to be legaided by many clinicians as dcsciiptive of a 
hitheito undesciibed disease (inlit}’^ A numbei of wiiteis have main- 
tained, honevei, that the pictuie desciibed b}'^ Schultz was not specific, 
with this view we agiee In addition to lecoiding an additional case 
showing neciotic oiophaiyngeal lesions, agiauulocytic leukopenia and 
geneial sepsis, we wish to lewew biiefly the clinical and pathologic 
featuies of the cases pieMOUsly lepoited and to considci sevcial possible 
explanations foi the pictuic piodiiced The new that so-called agianii- 
loc} tosis simply constitutes a type of leukopenic leaction to an ovei- 
whelmmg infection seems to us to be ncaiest the tuith, and the one on 
which we wish to place gieatest emphasis 

Schultz lepoited six patients, all middle-aged women, who 
shoved gangienous stomatitis and phaivngcal lesions associated vith 
fevei Theie was a maiked i eduction in the numbei of ciiculatmg 
leukocytes vith a iclatne mcieasc in lymphocytes to as high as 100 pet 
cent, poly moiphonuclcai leukocytes being maikedlyf deci cased m numbei 
01 absent The pictuie was one of piofound sepsis, and, m all cases, 
death occuiied in a few days The name, agiauulocytic angina oi 
agianulocydosis, was gncn to the condition Leon - attempted to classify'^ 
it as a clinical entity soon aftci Schultz’ desciiption appealed 

Although, as Hiisch^ pointed out, similai cases had been desciibed 
by Schwaiz* m 1904, by Tuik'^ m 1907, and by Maichand® in 1913, 

' SubmiltccI for publication, Oct 22, 1928 
From the Medical Division and the Department of Otolaijngology, Hospital 
of the University of Pennsylvania 
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khn Med 110 359, 1913 
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Scliultz leport stimulated a number of descnjitions of similai cases A 
sui\ey of the literature up to the piesent shows a total of sevent) -eight 
reported cases which fall within the giotip termed agianulocytic angina 

Kastlin," in 1927, analyzed forty-three lepoited cases of so-called 
agianuloc) tic angina and added desciiptions of two moie Gundrum,® 
in 1928, added anothei instance and noted three others lepoited after 
Kastlin’s reMew was published, thus bunging the total nunibei of cases 
to foit}-nine A search of the liteiature revealed the following twenty- 
eight cases not mentioned by Kastlin or Gundrum, -which, with the pies- 
ent instance, brings the total numbei desciibed to sevent} -eight Hart,'’ 
1 case , Flandin,^*’ 1 case , Schaefer,^^ 4 cases , Hill,’^- 1 case , Licht and 
Haitmann,^^ 1 case, Cannon,^* 1 case, Piendeigast 1 case, Chiaii,^® 
1 case , Dahlen and Wahlgren,’^^ 1 case , Zikovsky,^® 2 cases , 
Bruggeman 3 cases, Baltzer,-® 3 cases, Boichers,-^ 1 case, Hirsch,"- 
6 cases, and Koehler,-® 1 case One of Cannon’s cases is not included 
because of inadequate description In Piendeigast’s case, the patient 
had a total leukoc}te count of 10,000, but gianular cells were not piesent, 
and at autopsy theie was an almost complete absence of gianulocytes 

7 Kastlin, G J Agranulocytic Angina, Am J M Sc 173 799 (June) 1927 

8 Gundrum, L K Agranulocytic Angina Report of a Case, Arch Int 
Aled 41 343 (Ma-ch) 1928 

9 Hart, V K A personal communication 

10 Flandin, M A Case of Agranulocytosis, Bull et mem Soc med d hop 
de Pans 50 1459 (Oct ) 1926 

11 Schaefer, R Differential Diagnosis of Agranulocytosis Deutsches Arch 
f klin Med 151 191, 1926 

12 Hill, H P Acute Leukemia and Agranulocj tic Angina, California & 
Aest Med 25 609 (Noy ) 1926 

13 Licht, H , and Hartmann, E Agranulocytosis, Deutsche med Wchn- 
schr 51 1518 (Sept) 1925 

14 Cannon, A B Unusual Dermatoses, South A'l J 20 141 (Feb ) 1927 

15 Prendergast, DA A Case of Agranulocytic Angina, Canad M A J 
17 446 (April) 1927 

16 Chian, Hank, and Redlich, F The Question of Agranulocytosis, \¥ien 
khn Wchnschr 39 1510 (Dec) 1926 

17 Dahlen, B and Wahlgren, F Contribution to the Knowledge of Agranulo- 
cetosis, Acta med Scandinay 65 407, 1926-1927 

IS Zikoesk}, A Agranuloc) tosis, Wien med \Vchnschr 77 589, 1927 

19 Bruggeman K Agranulocytosis, Ztschr f Hals-, Nasen- u Ohrenh 15 
187 1927 

20 Baltzer, H Agranulocytosis, Arch f path Anat 262 681, 1926 

21 Borchers, K A Case of Agranu]oc 3 ''tic Angina, Ztschr f Laryngol , 
Rhinol 15 386 (April) 1927 

22 Hirsch, C Angina Agranuloc\totica klunchen med Wchnschr 74 762, 
1927 

23 Koehler, G Aleukemia and Agranuloce tosis, Deutsches Arch f khn 
Aled 155 155, 1927 
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fiom the mallow of the sternal end of the clavicle, it is theiefoie 
included in this senes 

Despite consideiable clinical and pathologic A^aiiation in paiticiilais, 
theie aie featuies in the lepoited cases which aie sufficiently sti iking 
and fieqnent to wan ant descnption The majonty of patients have 
been women, usually in middle age The onset is usually acute, but 
sometimes occurs aftei pievious illness Fevei is eaily and constant, 
and piofound piostiation is common Jaundice was pieseiit in 58 per 
cent of the cases collected b} Kastlin Othei piomment symptoms aie 
soie till oat. malaise, chills and djsphagia The couise of the disease is 
usuall} acute, death occuinng in the gieat majonty of cases m fiom foui 
to eight da}s, although a few patients have suivived foi fiom foui to 
SIX ueeks Neciotic oi ulceiative piocesses have been obseived almost 
constanth in vaiious paits of the oial cavity, occdsionall)" lowei in the 
gasti o-intestinal tiact (the esophagus stomach, duodenum ileum, colon, 
anus and lectuin), in the ceiMx and vagina oi on the cutaneous surfaces 
Cutaneous and visceial hemoiihages have been encounteied In most 
of the lecoided instances, the blood platelets have been noimal m num- 
bei The spleen and liver have occasionallv been found to be enlaiged 
•\t autopsy hmphoid collections have been obseived m both oigans, and 
endothehosis in the spleen 

A \aiiet} of oiganisms have been iccoveied fiom the oial lesions, 
including Klebs-Lofflei bacilli, Vincent’s spirochetes and fiisifoim bacilli, 
pneumococci, Bacillw^ pvacyancia and stieptococci of vaiious types 
Hemohtic stieptococci, staph) lococci, B pyocyaucus, B cob, pneumo- 
cocci and Sh cptococcu'! vuidan^ (Cannon have been ieco\eied fiom 
the blood, although in the gieat majonty of instances ctiltuies of the 
blood lemained steiile 

The pathologic obseivations may be summaiized as follows fiom 
the analysis of the autopsies lepoited 

1 The lungs in manj" inslanccs Imvc shown filinnous confluent broncho- 
pneumonia, with little if any evidence of inflainmatorv cellular icaction Pleurisy 
with effusion and subplcural pctcchiac Imc been noted a few tunes 

2 The liver has sometimes been found to be enlarged, often with perivascular 
Ivinphocytic collections Focal and bacterial emboli have been noted 

3 The spleen is frequently noted as enlarged ("acute splenic tumor”) Bacilli 
and inflammatory exudate arc found in and beneath the capsule Marked prolifera- 
tion of endothelial cells, with little if any incicasc m hmphocytes has been a 
common feature 

4 In the lymph nodes, small hemorrhages, and, occasionally, hyperplasia of 
endothelial cells, have been observed 

5 The heart has shown parenchymatous degeneration, subcpicaulial and endo- 
cardial hemorrhages, and, in one of Kastlm’s cases, acute veirucous endocarditis 

6 The Ivldne^s arc mentioned (Picttc-0 as showing numerous bactciial emboli 
which were piescnt also m the supiarenal bodies 

24 Piette, E C The 11 istopathologv of Agranulocytic Angina, J \ Iif A 
84 1415 (May 9) 1925 
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7 In the stomach and intestines there ma> be superficial necrotic foci with a 
surrounding- zone of hmphocjtes, bacterial emboli and petechial hemorrhages in 
the mucosa 

8 The tonsils and pharynx have almost constantly shown ulcerative or 
gangrenous lesions of greater or less degree These are often surrounded by an 
edematous zone and sometimes by a profusion of bacterial collections 

9 The bone marrow is often described as “red,” as in twenty-seven of thirty- 
three autopsies mentioned by Kastlin When it is fatty, little or no decrease in 
granular cells is found In these cases, the histologic structure has been found 
to be poor in cells, with granular cells greatly decreased or completely absent 
The lymphoc 3 'tes are often prominent by contrast Reticulo-endothehal cells are 
increased In general, the erjdhrocytes are little affected, and their germinal 
centers appear normal, but in a few instances an excess of nucleated red cells has 
been observed 

10 In the case here reported there were curious widespread patches of necrosis 
involving the walls of the smaller arteries and veins with hyalinization of their 
contents , this was particularly noticeable in the areas of subcutaneous necrosis 
Diffuse patches of necrosis without evidence of cellular reaction were noted as 
occurring in various organs such as the lung, spleen and liver, as well as in the 
bone marrow' 

The blood picture is sti iking In piactically all instances, theie is 
a marked absolute i eduction in leukocytes, the lowest count recoided 
being 100 per cubic millimeter Polymorphonuclear leukocytes either 
aie entirely absent or constitute less than 6 per cent of the white cells 
In one instance, however, 22 per cent of polymoiphonucleais are noted 
The lymphocytes are always relatively increased, sometimes up to 100 
pel cent In the case reported by Piendeigast, the leukocyte count was 
10,000 per cubic milhmetei, with 90 pei cent small, and 10 per cent large, 
lymphocytes Endothelial cells, premature lymphoid foims, and occa- 
sionally eosinophils — in one case 12 per cent — are seen m the blood 
smears The lymphocyte, however, is the predominating white cell 

Natuially, a number of views have been advanced as to the etiology 
and nature of this process The piincipal opinions may be summarized 
as follows 

1 The condition constitutes a specific disease entitj (Roch and Mozer,“ Schultz 
and Jacobow'itz,"® Baltzer,'" Hunter,” Gundrum * and Hirsch ") , there is also 
primary disease of the granuloleukopoietic apparatus and secondary necrotic foci 
(Bantz,’® and Lovett” and Rosier”) 


25 Roch, M , and Mozer, J Angina Agranulocytotica, Presse med 34 1171 
(Sept) 1926 

26 Schultz and Jacobow'itz Arganulocytosis, Med Klin 21 1642 (Oct ) 1925 

27 Hunter, R J Agranulocj'tic Angina Report of a Case w'lth Fracture of 
the Tibia, Lar}'ngoscope 38 348 (Maj) 1926 

28 Bantz, R The Question of “Agranulocytosis,” Munchen med Wchnschr 
72 1200 (July) 1925 

29 Loiett, B R Agranuloc 3 'tic Angina, JAMA 83 1498 (Nov 8) 1924 

30 Rosier, O Unusual Diseases of the Blood, Wien med Wchnschr 77 63, 
1927 
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2 The piogcmtois of the gianular cells (or the bone mariow) are injuied by 
a specific noxa, the oiganism then being lendered defenseless against secondarily 
invading bacilli which produce the visceral and oial lesions (Licht and Hart- 
mann” Skiles and ICastlin ’ 

3 The condition is the lesult of infection supei imposed on a pie-existing 
hypoplasia of the gianulocytogenic appaiatus (Dahlen and Wahlgren”) 

4 It is a form of “malignant leukopenia” to be grouped with septic or leukemic 
conditions showing a i educed pcicentage of ncutiophils (Pelnai “") 

5 Tile uiccratnc lesions are pioduccd by bacteiial emboli following a primal y 
attack on the gianulocytogenic centcis, leaving only the reticulo-endothehal 
elements to offer icsistance (Piettc"') 

6 The condition is a type of icaction to an ovei whelming septicemia in a 
subject with low lesistance (Jaffc,” Koehler” Plait," Weiss,” Mouzon,” Rotter,” 
Zadek,"), or a teiminal icaction in othci conditions, as Hodgkin’s disease (Jaffe”) 

The case which was obseived by us in 1927 and lepoited in this 
aiticle confoiins in its clinical and pathologic featuies with the majoiity 
of the lepoitcd instances of so-called agianulocytic angina 

REPORT or CASE 

— kfrs Af F, aged 48, who w'as fiist seen on the night of Jan 26, 
1927, complained of malaise, soie throat, chills and fever, of one day’s duration 
She gave a history of ficqucnt attacks of quinsy during most of her life These 
were not confined exclusively to either side of the tin oat She estimated their 
frequenev at once or tw'icc a jear Incision had often been necessary, but some- 
times the abscesses had evacuated spontaneously She had never had a tonsillec- 
tomy For nine years she had been free fiom soic tin oat Occasionally she had 
artliritic pains in the ankles aftci such attacks but never rheumatic fever, chorea 
or any cardiac distui bailees She had been opeiated on for removal of a fibioid 
tumor of the uteius five j'eais before Her previous history w'as olheuvisc negative 
The family and social histones w’cie negative 

Fiaiiiriifztioii — When fiist seen, the patient appealed acutely ill, wuth a hot 
flushed skin and a temperature of 103 F The pulse w’as rapid Examination of 
the heart and lungs showed nothing of significance The left peritonsillar area 
showed distinct bulging Theic w'as an indurated sw'ollen aiea just below the middle 
of the left maxilla, w'lth duskv discoloration and modeiatc tenderness The livei 
and spleen were not palpable Petechiac oi other skin eruptions w'ere not present 
A small myringotomy knife was mtioduccd into the soft palate above the left 
tonsil Bleeding w^as free but pus w’as not obtained On the followung dajq the 
gcneial condition w’as about the same except that the swelling was more maiked 


31 Skilcs, J II Agramilocj tic Angina, 1 A AI A 84 364 (Jan 31) 1925 

32 Pclnar Afahgnant Leukopenia, Las Ick cesk 63 1653, 1924 

33 Jaffe Hodgkin’s Disease and the Agianulocytic Svmptom Complex, 
Munchen med Wchnschr 73 2012, 1926 

34 Weiss, U Lymphatic Reaction and Agianulocytosis wuth Lethal Sepsis, 
Ztschr f klin Alcd 106 617, 1927 

35 Mouzon, J Agianulocytosis, Pi esse med 34 1269 (Oct) 1926 

36 Rottci,W Pathological Anatomy of Agianulocj tic Disease, Aich f path 
Anat 17 258, 1925 

37 Zadek Agianulocytosis, Med Klin 21 685 (Afay) 1925 
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Another incision did not yield pus, and the subsequent introduction of a small 
hemostat was without result 

On Januarj 31, the patient was admitted to the Hospital of the University of 
PennsA Ivania At that time, she was having frequent chills and was slightly 
irrational The pulse rate ranged from 96 to 130 and the temperature from 101 to 
104 F Examination of the blood showed 600 leukoc\tes with lymphocytes 100 
per cent and hemoglobin 82 per cent At the time of admission, there was marked 
swelling of the left half of the soft palate with a distinct soft elevation posterior to 
the last molar tooth A slough, about 2 cm in diameter, occupied the center of 
the swollen area with a sinus about 1 cm m depth at its lateral inferior aspect 
A smear from the throat showed a large number of Vincent’s organisms, a few 
micrococci and diplococci, but no Klebs-Loeffler bacilli The patient was seen 
in consultation b}-^ Dr O H P Pepper, who advised the intravenous administration 
of neoarsphenamine, including local applications to the throat, and blood transfusion 

Tieatmcnt and Comse — ^After the administration of 0 3 Gm of neoarsphenamine 
intravenously, the patient vomited and the temperature rose to 104 F On the 
following day the swelling and induration in the neck were less marked There 
were a number of erythematous blotches over the entire body which increased 
rapidh'^ in size during the day and in the afternoon showed punctate suppurative 
areas in their centers Five hundred cubic centimeters of citrated blood was 
administered followed by a second injection of 0 3 Gm of neoarsphenamine A 
blood culture taken on admission showed an abundant growth of type III pneu- 
mococcus Organisms which were similar morphologically were seen m smears 
made from the skin lesions 

The abundant recovery of organisms of this sort from the blood stream would 
seem of great importance in indicating that a general pneumococcic septicemia was 
the major factor operative in producing the clinical picture, including the granulo- 
cjtic leukopenia The occurrence of other organisms in the blood stream in other 
cases is, of course, of equal significance It is unfortunate that the chronological 
relationship between the invasion of the throat by the Vincent’s organisms and of 
the blood stream by the pneumococci cannot be established 

The leukocyte count on February 1 showed 500 per cubic millimeter with 100 
per cent lymphocytes The abdomen remained slightly distended The spleen and 
liver were not palpable Pneumococcus antibody solution was given m 25 cc 
quantities at intervals of six hours The condition of the patient rapidlj became 
worse Death occurred on February 2 

Autopsy — Autopsy was performed four hours after death by Dr Benjamin 
Goulej^ The following observations were reported after histologic study by 
Dr Baldwin Lucke 

There was a generalized skin eruption of small subcutaneous nodules, the size 
of a pea The liver was slightly enlarged An acute necrotizing inflammation of 
the tonsils and peritonsillar tissues was found, especially on the left side, wuth 
gangrene of the left tonsil and adjacent tissue Edema and inflammation of the 
laryngeal mucosa appeared with several small ulcerations in the larjmx itself and 
on the edge of the epiglottis The spleen w'as enlarged and soft, w'hile the swollen 
liver contained numerous white structures about the size of miliarj tubercles , there 
w'as cloud}' swelling and fatty degeneration Gross examination of the heart, lungs 
and kidne 3 's showed nothing of interest 

Microscopic examination revealed marked necrotic changes in the walls of the 
subcutaneous arterioles and veins in the areas of the nodular eruption, these 
vessels containing a hj aline or coarselj granular material There was necrosis 
around the pharyngeal and larjngeal ulcerations, wuth a conspicuous scarcity of 
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exudative cells and no leukocytes in the vicinity The edges of the tonsillar ulcer 
^^as structureless and contained large masses of bacteria In the lung a number 
of patches were present, where the alveoli were flooded with partly fused erythro- 
cytes or blocked by a net of fibrin Exudative cells were generally absent The 
aheolar walls and the walls of the arterioles and venules of these patches were 
usually frankly necrotic In the spleen the sinusoids and pulp cords were packed 
with erythroc^tes, the monocytes appearing inconspicuous A few arterioles showed 
frank necrosis A number of necrotic aieas were found m the liver, without any 
evidence of cellular reaction 

The bone marrow, in the middle of the femui, showed replacement of fat by 
Inperplastic marrow There was marked scarcity of myeloid cells, and manj of 



Fig 1 — Subcalaiieous tissue, sliowing maiked edema and a few lunphocvtcs 
and plasma cells No leukocytes are present The walls of the arteiioles are stiuc- 
tureless or necrotic 


these showed degeneration No lcukoc\tes of any kind were found Necrotic 
changes of vessels w'ere not found, although a few coinplclelj necrotic patches w^eie 
present The most striking and significant observations w'ere (1) the widespread 
necrosis of arterioles and venules, (2) the complete absence of leukocytes, e\en m 
the bone marrow', (3) the diffuse occuncncc of small patches of ncciosis w'lthout 
cellular reactions, (4) necrotic areas in the phaiynx, larvnx and tongue, and (5) 
areas of inflammatorv edema, especially in the uppei respiiator> tract and skin 
Detailed Pathologic Rcpoit — There w'as a prominent skin eruption ovei almost 
the entire body, cspcciallj on the face, neck, aims and upper part of the trunk It 
consisted of small subcutaneous nodules, horn pink to light led and about the 
size of a pea Neither edema nor jaundice was observed 
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The bladder \\as somewhat distended, and the liver was moderately enlarged 
L> mphadenopathy of the left cervical glands was found There was an acute 
necrotizing inflammation of the tonsils and of the peritonsillar tissues, especially 
on the left side, consisting of gangrene of the left tonsil and adjacent tissue without 
distinct formation of pus The right side did not show the same extreme destruc- 
tion The tissues of the upoer part of the neck ivere generally edematous with 
distinct enlargement of the small b’niphatic collections throughout the fatty areolae 
The upper edge of the epiglottis showed two or three superficial ulcerations, 
gra} ish-j ellow patches that had not broken down Extreme edema of the epiglottis 
and the neighboring tissues almost closed the orifice The larynx had a reddened, 
sivollen mucosa which showed several small superficial ulcers 



Nothing of note was found in the heart 

In the left lung, there was marked emphysema, with a mild congestion of the 
bronchial mucosa Generalized emphysema and moderate congestion were observed 
in the right lung 

The spleen was enlarged and rather soft Follicles and fibrous markings were 
not visible 

In the left kidney, generalized hj'peremic streaking was seen through the cortical 
tissue 

The liver ivas enlarged and pale brown \vith a smooth edge Through the 
capsule were many small, w'hite structures about the size of miliary tubercles On 
section, the tissue of the liver show^ed cloud}’- sw’elling, and early fatty degeneration 
The small w'hite nodules w’ere apparently of the same structure as the cutaneous 
nodules 
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The periaortic and iliac lymph nodes showed the same t;^pe of hypertrophy as 
seen in the cervical groups of nodes 

The right feinui and tibia weie opened Bone marrow from the midpart of the 
femur showed a distinct dark red hyperplastic change Marrow from the tibia, on 
the other hand, was yellowish, fatty, edematous and did not show hyperplasia 
Miaoscopic Exammatwn — Section was made through the nodular eruption 
The epidermal cells were swollen, and contained poorly defined vacuoles best seen 
around the nuclei The fibers of the corium were widely separated, and many were 
fractured The widened interspaces contained finely granular eosm-staining pre- 
cipitate and a delicate fibrin net All the vessels weie engorged, the erythrocytes 
being partly fused There were seveial small hemorrhages The walls of most 
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Fig 3 — Bone mairow, showing engorgement of capillaries and great scaicity 
of myeloid cells 


of the arteries and veins had a hyaline or lumpy appearance, details of structine 
having disappeared completely These necrotic vessels generally contained a 
h 3 'aline or coarsely granular material The perivascular tissue was particularly 
loose, and contained fibrin nets Occasional small groups of plasma cells, lympho- 
cytes and monocvtcs were cncountci ed, but lcukoc 3 des weie absent In the deeper 
portions of the corium, the collagenous fibers were considerably swollen The 
sweat and sebaceous glands were practically normal 

A section of the lar 3 mx was taken from an ulcerated area At some distance 
from the ulcer the cells of the mucosa were normal , the cilia were well preserved 
Near the edges of the ulcer the mucosal cells were vacuolated, the ciha weie 
lost and various nuclear degenerative changes existed At the edge of the 
ulcer the cells were frankly necrotic The ulcer measuied about 7 mm in length 


g.* - 
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Tlie mucosa was completeh absent The basement membrane still persisted as an 
irrcgiilarlj thickened hvahne band The subjacent membrana propria was 
extremeK edematous The component elastic and collagenous fibrils were largely 
broken Their remnants appeared as eosin-stainmg, coarse granules or short rods 
enmeshed b\ delicate fibrin nets There was a conspicuous absence of exudative 
cells, onli in the deeper portions, adjoining the mucous glands, were found 
occasional minute collections of plasma cells and lymphocytes and rarely a large 
clasmatocjte Leukocytes were not present The capillaries w'ere inconspicuous 
About one half of the arterioles and venules were frankly necrotic The mucous 
glands showed various degenerative changes ranging from cellular swelling, 
through excessive granularity and vacuolization, to frank necrosis The cartilage 
and the peritracheal areolar tissues were normal 

Section was made through an ulcerated area on the posterior portion of the 
tongue The surface epithelium w'as completely destroyed All of the tissue 



Fig 4 — Spleen, showing necrosis of the w^all of an arterv, with submtimal 
infiltration 


hmg beneath the eroded surface w'as necrotic, and consisted of barely' recognizable 
fragmented muscle cells and connective tissue fibers The structureless mass had 
a loose texture It w'as permeated b\ a broken, rather granular mass of fibrin in 
winch were embedded degenerated plasma cells and lymphocytes In a few 
patches there w'ere fairly w'ell preserved but loosely arranged collections of lymphoid 
tissue The larious glands of the deeper portions of the tongue w'ere partly' or 
completeh necrotic The vessels had necrotic walls The tissue adjoining the 
necrotic area was moderately edematous, but otherw'ise unchanged As in the 
sections already described, there w'as a conspicuous absence of leukocy tes 

Examination of the right tonsil and peritonsillar tissues (including several lymph 
nodes) re\ealed that large areas of the tonsil and the peritonsillar tissue had been 
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completely destiojecl The edges of the ulcers were completely structureless, and 
consisted of a granular eosm-stammg mass in which lay large colonies of bacteria 
The non-neerotic poitions of the tonsil and pei itonsillar tissues were extremelj 
edematous, and permeated with fibrin which m many places appeared m the 
gianular nonfibxillar form The Ivmph sinuses contained great numbers of 
branching pohhcdial leticular cells Similar elements oecurred m the loose 
edematous peritonsillar tissues There were, in addition, moderate numbers of 
plasma cells, and m the adenoid tissue, occasional mononuclear giant cells Leuko- 
cytes were not found Many vessels had neciotic walls Several groups of muscle 
fibers either were swollen oi hyalmized, or had lumpy, vacuolated, broken-up 
cxtoplasm Between such degenerating muscle cells were found considerable 
numbers of monocjtes, plasma cells and lymphocytes, many of these infiltrating 
cells had undergone degeneration 



Fig 5 — Spleen showing a necrotic patch and disappearance of cells (low' 
power) 


In the lung there were a number of small patches, measuring fiom less than 
I mm to scxeral millimeters m diameter, m wdiich the air spaces were flooded w'lth 
partly fused crvthrocvtes, or blocked by a dense fibrin net Evudatuc cells were 
gcneralh absent, but occasional large mononuclear elements Were encountered The 
alveolar walls and the walls of the arterioles and venules of these consolidated 
patches w’cre usually franklj necrotic 

Microscopic examination of tissue from the heart did not show' any significant 
changes 

The capsule and trabeculae of the spleen were normal The structural details of 
the pulp were diflicult to distinguish because the sinusoids and pulp cords w'ere 
packed W’lth erythrocytes '1 he endothelial lining of the sinusoids w'as not swollen 
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There were, no foreign cells with the sinusoids or the pulp The extreme engorge- 
ment so o\ershadowed the general picture that the splenic monocytes appeared as 
inconspicuous collections The follicles were of average size, and composed of 
tlie usual elements Most of the arteries had normal walls, but a few showed the 
frank necrosis described m otlier organs Several patches of splenic tissue, each 
about 1 mm in size, were completely structureless, and appeared as pale eosm- 
staming areas through which were scattered hyaline lumps The framework was 
onl> partly preserved, since it, too, had undergone necrosis There were no cells 
m these areas 

The cells of the In er in general were somewhat swollen, but normally nucleated 
lilost of tliem contained an abundance of minute droplets of fat In almost every 
low poner microscopic field one or two greatly swollen, deep eosm-staming, non- 
nucleated, hyalmized Iner cells were found The sinusoids were poorly filled and 
did not contain foreign cells There were several patches of pale-staining necrotic 
areas, about 1 mm in diameter The framework was still preserved, but the 
cells of the Iner had largelj’- disappeared A few hyaline lumps were probably 
necrotic cells not 3 et autob^zed There was no cellular reaction 

ilicroscopic examination of tissue from the kidney showed nothing significant 
In the bone marrow from the middle of the shaft of femur, about two thirds 
of the fat had been replaced bj" hyperplastic marrow The capillaries were 
moderatelj'’ engorged The cellular groups and islands were arranged rather 
looseb' and consisted chiefly of erythrocytes, erythroblasts and macroblasts There 
\\ as an astonishing scarcity of myeloid cells Many of those present showed distinct 
degeneration, their outline was indistinct and ragged, the cytoplasm tended to take 
an eosin-stain, or it contained hyaline droplets Degenerated cells of this kind 
usuall} have a pale ballooned, or small pj'knotic, nucleus Entire cells were 
transformed into a hyaline mass No leukocytes of any kind were found There 
was an a^erage number of megalokarocytes, but many of them showed cyto- 
plasmic and nuclear changes similar to those of the mjelocytes In brief, there 
was an active erythrocytic regeneration and a myelocytic destruction Changes in 
the vessels like those described for other sections, were not found here There were, 
how'ever, a number of small patches in which the entire tissue was completely 
necrotic, the genc’al appearance being similar to the necrotic areas in the spleen 
and liver 

Resume — The lesions common to the various organs w'ere small patches of 
necrosis without cellular reactions There w'as widespread necrosis of the walls 
of smaller arteries and veins, and a complete absence of leukocytes, even m the 
bone marrow^ Areas of mflammatorj edema were found, especially m the upper 
respiratory tract and skin 

0BJECTI03STS TO THE CONCEPTION OF AGRANULOCYTOSIS 
AS A DISEASE ENTITY 

While the h}pothesis which assumes the condition to be a specific 
disease entity is in some respects attractive, certain objections to its 
acceptance arise, the more important of which are as follotvs 

1 Marked leukopenia, -with decrease or disappearance of neutro- 
phils, IS tvell known to occur occasionally in severe infections of different 
types, namely, ovenvhelming sepsis and lobai pneumonia Leukopenia 
without a disproportionate reduction of granulocytes is common in a 
number of infections Hence, leukopenia wuth granulocytopenia alone in 
an infectious process cannot be made a basis for a separate classification 
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In connection with the view that it is simply a leukopenic reaction to an 
unusually Mrulent general infection, it seems desirable to note briefly the principal 
conditions m which leukopenia may appear The term leukopenia is applied to the 
presence of a subnoimal number of leukocytes per cubic millimeter of blood and 
may properly be used if the leukocyte count falls to less than S,0D0 per cubic 
millimeter Leukopenia may occur m a wide variety of conditions “ Among the 
most common are the following staivation, chronic intoxications, particularly 
those due to lead, aisenic, thorium, benzene, mercury, alcohol, ether or morphia, 
irradiation with roentgen rays, diseases of the blood or blood-forming organs, 
notably primai y pernicious anemia, aplastic anemia and aleukemic leukemia , 
Banti’s disease, certain infections, notably dengue fever, kala azar,°° measles, 
influenza, glanders, malaria, typhoid fever, certain cases of fulminant septicemia 
and lobar pneumonia The discovery of leukopenia is often of value as an aid 
to diagnosis in hphoid fever and influenzal infections 

Leukopenia coincident with or following severe infections has been noted fre- 
quenth klcnninger i epoi ted a case of lobar pneumonia with a leukocyte count 
ranging from 150 to 275 per cubic millimeter, with 5 per cent neutiophils and 
95 per cent Ijmphocites Naegeh^* staled that leukopenia occurs in from 5 to 10 
per cent of cases of lobar pneumonia Chatard,''' in a study of 582 cases of lobar 
pneumonia, found 2,500 leukocvtes per cubic millimeter to be the lowest count occur- 
ring in the senes Lanford^’ saw a case of lobar pneumonia with an initial 
leukocjtosis of 17,000, 88 per cent of which were neutrophils In six days the 
count had diopped to 800, with 40 per cent neutrophils 

In 1923, Sison and Lara'*^ reported three cases of severe infection, all of which 
showed a marked degree of leukopenia and terminated fatally In each case the 
neutrophils were particularly reduced, in one case to the point of disappearance 
Nakajama^’ discussed the production by streptococci of a toxin capable of 
destroying Icukocjtes Weiskotten, Gibbs and Templeton^” produced leukopenia 
in rabbits with ben/ene 

In infections such as lobar pneumonia and septicemia, the total number of 
leukocjtcs per cubic millimeter is considered roughly indicative of the patient's 
resistance, and the percentage of neutrophils has been thought to vary with the 
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sc\cnt\ of the infection A reduction of the lymphocytes is considered by Jones 
and Brown as pfognosticalh unfarorable, an increase augurs well 

Two principal theories concerning the mechanism of leukopenia"® have been 
ad\anced, which are (1) that leukopenia is due to actual destruction of circulat- 
ing leukoc\tes or their progenitors in the leukopoietic centers, and (2) that 
leukopenia follow's the sifting out or accumulation of large numbers of leukocytes 
in larious capillary beds, thus reducing the leukocyte content of the circulating 
blood 

Clinical and experimental evidence can be found to support both views, and it is 
possible that both ty'pes of mechanism are operative m many cases Evidence of 
damage to bone marrow' has often been demonstrated in se\ere infections,"'’ and 
m such instances i eduction of neutrophils might reasonably be expected Wells™ 
made careful leukocyte counts in different areas during a period of leukopenia 
following bacterial injections Organisms w'ere found in the liver and spleen soon 
after injection, and in these organs a leukocytosis occurred which was synchronous 
with a leukopen a of the peripheral circulating blood The general leukocytosis 
w'hich followed v'as assumed to result from the outpouring of leukocytes from 
the marrow centeis to replace those drawn from the circulating blood If a steady 
progressive drop in the number of leukocytes occurs, leukocyhic destruction must 
be taking place 

2 As Mouzon pointed out, the multiplicity and variety of the 
necrotic foci speak against specificity of the angina Furthermore, 
necrotic anginas occui in aplastic anemia, primary pernicious anemia, 
acute leukemias, hemoirhagic puipura, arsenic poisoning, in patients 
cachectic from chronic disease oi malnutrition, and in staphylococcic or 
sti eptococcic septicemias Similai processes often occur unassociated 
with other disease and without leukopenia Some advocates of the 
specificity of “agianulocytosis” (Friedemann believe the blood 
pictuie to follow the leaction of the hematopoietic sjstem to a specific 
amygdalo-pharvngeal infection As Mouzon observes, howevei, the 
necrotic angina often appeals aftei the onset of the infection 

3 Epidemicit}' of the condition has not been leported 

4 Although most of the cases reported at fiist occuued in middle- 
aged women and this was consideied an added argument for specificity 
numerous cases haye since been reported in males, and the age gioups 
have shoyvn a wide vaiiation 
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1921 

50 Wells, C W Leukopenia and Leukocvtosis, J Infect Dis 20 219, 1917 

51 Friedemann U Agranulocytic Angina, kled Klin 19 1357, 1923 
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5 A vai lety of organisms has been recovered from the blood stream 
and local (oial) lesions, m many instances pathogenic oiganisms have 
not lieen found Thus a constant etiologic agent has not been established 

6 Aside from the piactically constant oropharyngeal lesions, the 
Msceial changes repoited are not consistent, and in some instances sig- 
nificant 01 game lesions have not been found 

7 Satisfactory experimental leproduction of the condition with 
mateiial fiom affected patients has not been accomplished 

In Mew of these facts it does not seem justifiable to classify this 
condition as a distinct oi specific pathologic entity, and the burden of 
pi oof uould apjjear to rest on those who consider it as such In the 
light of picsent knowledge, or lack of knowledge, concerning any specific 
etiology. It does not seem leasonable to rcgaid so-called agranulocytosis 
as anything moie specific than a ty^pe of leaction on the part of the 
leiikopoietic sjstem, oi that portion of it concerned with the pioduction 
of gianulai leukocytes, to an infection so overwhelming as to destioy 
the neutiophils and paialyze their centers of production We would 
submit the afoiementioncd leasons m support of this view 

The use of the terms “agianulocy tosis” and “agranulocytic angina” 
we legal d as paiticulaily unfortunate Such terms imply a specificity 
uhich not onh remains unpioved, but appears unlikely Furthermore, 
the suffix “osis” is not applicable in reference to a disease or moibid 
piocess aftecting the nongranulai leukocytes, as the teim “agranulocy- 
tosis” would imply For the piesent at least, the use of a descriptive 
term, such as “sepsis with granulocytopenia.” or “agranulocytic infec- 
tion,” as suggested b) David and Feer,'”’^ would appear more desiiable 

CONCLUSIONS 

The available evidence does not justify a conception of so-called 
agianulocy tosis oi agranulocytic angina as a specific disease entity On 
the contrary, the known facts concerning the lepoited cases would indi- 
cate that the pictuie pioduced is the result of a nonspecific reaction to 
an infection of unusual absolute or relative virulence, and that a vaiiety 
of infecting organisms may possibly' play a pait in its pioduction 

The continued use of the terms “agianulocytosis” and “agianulocytic 
angina” seems undesiiable m view of their implication of specificity 
Substitution of a more geneial desciiptive teim, such as “sepsis with 
granulocytopenia” or “agianulocytic infection ” is suggested 

52 David, W Agranulocytosis, Med Klin 20 1614, 1924 

53 Fcer, W A Contribution to the Question of Agranulocytosis, Schweiz 
med Wchnschr 56 SSI, 1926 
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Note Since this article was wiitten, otii attention has been diiected 
to two additional contributions on the subject (1) Stillman reported 
two cases of the condition desciibed, giving the data from the autopsy 
in both, and (2) Basse repoited one case in which an autopsy was not 
pel formed In all three casee, B pyocyaneus was recoA'^ered fiom the 
blood stream This bungs the total numbei of cases described at piesent 
to eight 3 ’^-one 

54 Stillman M Clin North America 12 805 (Nov ) 1928 

55 Basse, H W Agranulocytic Angina, J A M A 91 1718 (Dec 1) 1928 



THE DISCORDANT ELECTROCARDIOGRAM S' 
HAROLD L OTTO, MD 

NEW \ORK 

The QRS complex lepiesents the excitation wave in the ventiicles, 
and it IS noimally upiight in both the axial and the tiansverse leads 
Undei ceitain conditions it has a downwaid diiection in one of the 
leads When this is the case, discordant cul^es aie piesent 
as opposed to the noimal, concoidant citive In the absence of other 
abnormalities, discoi dance by viitue of a downwaidly dnected QRS 
in the tiansveise lead is light axis deviation or piepondeiance and dis- 
coi dance of the opposite t3qDe is left axis deviation oi piepondeiance 

In a simple stiip of mammalian heait muscle with paiallel fibeis the 
electiical cuives insciibed vaiy in foini and diiection in accoi dance with 
alteiations m the position of the leading electiodes with leference to the 
muscle, although the diiection in which the excitation tiavels and the line 
of the leading lemam unalteied ^ Since the foim of these cuives resem- 
bles the common vaiiations in the foim of the extrinsic cuive, or the 
electiocaidiogiam of the intact heait, it may be that the latter is essen- 
tially an insciiption of the elecliical events along the line of the lead 
thiough which it is taken This is also suggested by effects resulting 
when the line of leading is vaiied in heaits with localized injunes, and it 
can be explained by the fact that the potential diffeiences influencing the 
electiocaidiogiam aie diminished m the influence they exeit on it in 
propoition as the direction in which they aie developed lecedes fiom 
the parallel with the line of the lead and appioaches a pei pendicular 
to it If this were its only cause discoi dance would have a physical 
rathei than physiologic basis, and would concern the i elation between 
the position of the leads and the piojection of the electiical axis on 
the line of the leading 

Although consideiation of the conditions detei mining the electrical 
legislration of the conti action wave in simple muscle stiips indicates 
that an initial lapidly wiitten upright deflection will occur whenever 
the wave of negativity indicating conti actile activity begins nearest the 
negative pole of the galvanometer and moves in the diiection of its 
positive pole and has a downward diiection when the reverse is the 
case, it IS not the diiection of the movement of the excitation which 

- Submitted for publication, Oct 20, 1928 
From the Laboratory of Physiology, Faculty of Medicine, Pans 

1 Craib, W H A Study of the Electrical Field Surrounding Active Heart 
Muscle, Heart 14 71, 1927 Taussig, H B Electrograms from Isolated Strips 
of Mammalian Ventricular Cardiac Muscle, Bull Johns Hopkins Hosp 43 81, 1928 
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actually determines the direction the deflection will take, but the 
temporal and quantitative relations of the excitation to the poles of the 
galvanometei If an excitation begins simultaneously at both ends of 
a muscle strip connected to the poles of a galvanometer, developing an 
equal amount of potential difference at both points, there will be no 
effect on the instrument, and if one precedes the other by a small inter- 
val the principal deflection of the cuive is in one diiection, and leversing 
the precedence m excitation older causes the primary deflection of 
the curve to take the othei diiection On the othei hand, simultaneous 
excitation at both ends of a stiip, when the potential developed at one 
end outweighs that in the othei end causes the deflection to follow the 
excitation which is associated with the gi eater volume of negatn’’e poten- 



HL 

Fig 1 — I, II and III represent the points of the lead according' to the Eintho\en 
schema , A-B, the electrical axis of the heart 

tial diffeience It follows that an excitation within the heait may be 
moving in the opposite diiection to that suggested b}" the diiection of the 
pimcipal deflection of the stung This has actually been demonstiated 
by Ciaib" The doublet hypothesis - can explain discoi dance as it is 
obseived clinically bv assuming that alterations m the foim oi diiection 
of the cune taken with the usual deviations, 1, II and III, ma} be the 
lesult of a change in the relation between the points of the leading and 
the electiical axis (the line along which the potential is dei eloped), the 
diiection of the leading being unchanged Thus in figure 1 the points 
from which the leads aie taken are represented as /, II and III, and the 
difference of potential is developed along the line AB, in that diiection 


2 Craib (footnote 1, first reference) 
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Although the accepted conception indicates that concordant curves would 
be present, if it is assumed that the closest electiical pioximity of the 
electrodes II and III happens to be at points II' and B', conditions exist 
foi the appearance of discordance, since in derivation III the curve 
will have an initial deflection which has a downward direction This 
explanation, howevei, lequires a double assumption that the curve 
mainly repiesents the electiical events which have occurred along the 
line of the leading which is in keeping with the facts, and secondly, that 
the events of excitation within the heait are simple, which is less so 

When the question is simplified by omitting the implications of the 
doublet hypothesis, and the assumption is held that the electrical relation 
of the electrodes of the lead is to the ends of the electrical axis, dis- 
cordance may be caused in two days — an alteied position of the heart 
wnth reference to the electiodes oi an alteiation of the excitation within 
the venti icles 

In the expel imental obseivations on the subject, no disagreement 
exists betw'een the observations made on animals and on man with 
legaid to the appearance of concoidant oi discoidant electrocardio- 
giams, except in the case of bundle bianch block® Normal elec- 
tiocaidiograms obtained fiom man and animals with the usual method 
of leading piesent coicordant cuives, and the discoidant cuives 
obtained m man i e , the cuives of prepondeiance oi axis deviation, are 
duplicated in normal hearts by shifting the position of the heait within 
the thoiax in the experimental animal^ or the equivalent shifting of the 
position of the electiodes for the leading in man,® and, theiefoie, aie 
due to a shift in the position of the heart with leference to the leads 
used in taking the cuive® In the case of light bundle branch block, a 
discrepancy is present The curves in this condition in man aie mostly 
discoidant, wnth the initial deflection downwaidly dnected in the axial 
lead, w'hereas concoidant cuives aie commonest in the expei imental 
animal Since theie aie onl} two cases recoided wnth evidence for the 
location of the point of injuiy," the anatomic compaiison cannot be made 

3 Lewis, T The Spread of the Excitatory Process in the Vertebrate tleart, 
Phil Tr Rov Soc London 207 221, 1916 Wilson, F N , and Herrmann, G R 
Bundle Branch Block and Arboriration Block, Arch Int Med 26 153 (Aug) 
1920, Heart 9 91, 1922 Wdson, F N, and Herrmann, G R Ventricular 
Hjpertrophy, Heart 9 91, 1922 

4 Meek, W J , and W ilson, A The Effect of Changes m Position of the 
Heart on the QRS Complex of the Electrocardiogram, Arch Int Med 36 614 
(Nov) 1925 

5 Cohn, A E An Investigation of the Position of the Heart to the Electro- 
cardiogram, Heart 9 311, 1922 

6 Alteration m the excitation may also result m discordance (figs 2 and 3) 

7 Eppinger, H , and Stoerk, O Zur Klinik des Elektrokardiograms, Ztschr 
f khn Med 71 157, 1910 
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between the effects in dog and in man to explain tlie difference in the 
cun es 

Lew IS ® noted in the dog that discordance in experimental bundle 
branch block, when it occurred, was not due to a difference in the 
position of tlie heart with reference to the leads used or similar factors, 
but occurred in hearts in which the initial upright deflection w^as of 
large amplitude and presented less bridging of the caMt)' of the left 
■\entricle by subdnisions of the left branch than in hearts wuth con- 
cordant cunes Rothberger and Winterberg ® imestigated the effects 
of cutting the smaller branches of the bundle of His and found 
when the right branch of the bundle was the sole intact portion of the 
conduction bundle the initial deflection was upright in both leads, when 
the anterior division of the left bundle was the onl}' functioning strand 
the QRS w as upright m the axial lead and downw^ardly directed in the 
transverse lead and when it was either the posterior division of the left 
bundle or the bundle strands to the apex (Spitzernfasern), the reverse 
occurred The}’’ also obsened that section of the anterior division of 
the left branch of the bundle tended to produce an increase of S m the 
axial lead, whereas section of the posterior division had the opposite 
action The} concluded that the right side of the heart normally 
received the excitation from the right bundle and also the left anterior 
Dundle and the apex from the left posterior branch of the bundle 
Regarding the relation of the observations to the discordant cun'^e of 
branch block in man, thej reserved their opinion 

In the heart of the dog the bundle of His Iea\es the top of the 
septum and emerges on its surface m tliree mam subdivisions, one of 
which appears on the right side as the right branch of the bundle and 
the other two on the left side to comprise the left branch The latter 
lea^e the septum and pass to the anterior and posterior papillary 
muscles, breaking up into the network of Purkinje as they do so The 
fine and compact strand of the right bundle pursues a longer course on 
the right face of the septum before it passes to the papillary muscle in 
the right chamber There is great variation m the details of the 
division and distribution of these branches from animal to animal In 
the human heart the conditions are the same save that the distinctive 
dnisions of the bundle are not compact, but broad, flat and thin and 
advance fanw ise 

8 Lewis (footnote 3, first reference) 

9 Rothberger, C J , and Winterberg, H Experimentelle Beitrage zur 
Kenntnis der ReizIeiL, Ztschr f d ges exper Med 5 264, 1916-1917 

10 HoII, if Makrokopische Darstellungen des AV Bundel i on klensch und 
Tier, Arch f Anat u PInsiol -knat Abt 1912, p 62 
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T went} -eight expeiiments weie made on the dog to asceitain the 
effect of section of the thiee subdivisions of the His bundle on the 
electiocaidiogiam of the axial and tiansveise leads They differed 
from those employed by Rothberger and Winterbeig only in that the 
axial lead was light foi e-leg to left hmd-leg instead of anus to esophagus, 
and the tiansveise lead was caiefully placed at the perpendicular to the 
axial lead The lesults weie like those of Rothbeiger and Winteiberg, 
fuitheimoie, section of the posteiioi oi descending division of the left 



Fig 2 — Electrocardiograms of the heart of a dog, time m fiftieth seconds 
A, transverse lead, B, axial lead, A^, B*, the same after section of the posterior 
division of the left branch of the bundle The QRS changes m form although a 
normal QRS time persists A", B', aftei section of the right branch of the bundle 
Discordant branch block curves are piesent ^ 

bundle not infiequently caused the mam deflection to become down- 
waidly directed m the tiansveise lead, associated with an mciease m the 
height of R 111 the axial lead (fig 2 ) and the section of the anteiior 

11 The animals were anesthetmed with chloretone, the vagi were cut and 
artificial respiration instituted and the heart exposed by removing the sternum 
The transverse lead corresponded to LI and the axial load to 11 and III of the 
electrocardiogram of man 
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dn ision of the left bundle, exactl} the reverse, i e , it caused a negative 
ORS in the axial lead and an increase in the height of R in the transverse 
lead (fig 3) The section of these divisions of the left bundle in the 
presence of right branch block caused concordant curves associated 
with right branch block to become discordant ^^d^en the posterior 
dn ision w as cut, the axial lead caused the discordance , it became upright, 
and when the anterior dn ision of the left branch was cut, the transverse 
lead did so (figs 2 and 3) 

In view^ of the precise conditions wdiich determine the appearance 
of discordance in the group of experimental animals wnth concoidant 
cunes in right branch block, it would not be unreasonable to 
imagine that discordance in the curve of branch block in man 
has Its origin in the presence of an injury to the His bundle which 



Tig 3 — Electrocardiograms of the heart of a dog, time in fiftieth seconds 
A, trans\erse lead, B, axial lead, A^, Eh the same, following section of the 
anterior dn ision of the left branch of the bundle. A', after section of the right 
branch of the bundle Discordant branch block curves opposite in character to 
those following the section ol the posterior division of the left branch of the bundle 
are present 

imohes the right branch completel} (since complete involvement of 
one branch is necessari for the appearance of a significantly prolonged 
ORS time) and the left branch incompletel}-, the nature of the dis- 
cordance depending on the portion of the left branch of the bundle 
imolved wdien the anterior division is involved, the discordance is due 
to an upright initial deflection m the transverse lead (le, L I is 
upright) , when the posterior division is involved, the discoi dance is 
due to an initial deflection upright in the axial lead (L III is upright) 
This theon^ w ould seem plausible w^ere it not that the concordant curves 
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of blanch block in the experimental animal may be conveited into dis- 
coidant cuives by an alteiation in the position of the heait just as is the 
case when the conduction is entiiely noimal 

In the noimal heait, the excitation travels to the myocardium by 
a threefold pathway The areas of the heart muscle first receiving the 
excitation differ in then position with legard to the points of the lead- 
ing and the electrical proximity they bear to the electrode asso- 
ciated with the negatne pole of the instrument, which are the factors 
uhich uill determine the direction taken by the deflection 
As the principal deflection is normally upright in both axial and 
tlans^else leads, the direction of potential difference is from above down 
and right to left The same holds true if the left bundle is cut, since the 
concoi dance remains, but when the right bundle is severed, the direction 
of potential difleience is from below up and left to right, since the con- 
cordance is re\eised If the posterior division of the left bundle is now 
se\ered the axial lead becomes upright, after section of the anterior 
dnision of the left bundle on the other hand, the transverse lead becomes 
upiight It may be infeiied, thciefoie, that the posterior division of the 
left bundle causes the direction of the potential difference to be from 
below up. wheieas the anterior division has the reverse effect Since the 
light bundle is a single strand wuth an influence on the electrocardio- 
gi.am of the dog which is readily discerned, and the mam features of 
the anatomic anangement of the bundle of His in man and the dog are 
alike,’® the use of leads from the chest may enable one, bv eliminating 
the other causes for discordance, to apply to diagnosis by the electiocai- 
diogiaph the difteiencc which is due to the branching of the left division 
of the bundle 

SUMMARY 

Discordance in the electrocardiogram when bundle branch block 
occurs in man is due to causes wdiich may be physical or physiologic 
The foimei is lepicsented hv an altered relation between the points 
of the lead and the ends of the electrical axis in the manner suggested 
by the doublet h>pothesis or alteration of the position of the heait 
wuth refer ence to the points of the leading, the latter, by the influence 
of the two mam divisions of the left bianch of the His bundle on the 
form of the elecliocaidiogiam 
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III THE CIRCULATION AND RESPIRATION OF HUMAN ADDICTS 
DURING THE ADMINISTRATION OF MORPHINE * 

ARTHUR B LIGHT, MD 

A^D 

EDWARD G TORRANCE, MD 

PHILADELPHI \ 

The data piesented ui this papei have been accumulated from the 
study of a number of opium addicts for the purpose of deteimining 
whether prolonged addiction to the drug or its derivatives has bi ought 
about any detectable changes in the behavioi of the circulatory system 
W e have studied the heai t and circulation not only while the addict was 
at rest in bed but when he was subjected to a standardized physical 
task As a basis for compaiison, similar tests weie conducted on 
trained and untrained persons not addicted to opium This papei also 
includes an electrocardiographic study as well as orthodiagiammatic 
measurements of addicts while morphine was being administered It 
also contains the effects of the injection of atropine sulphate on the 
heart late and P-R interval in a series of addicts while they were 
receiving morphine 

EXPERIMENTAL PROCEDURE 

All the experiments and measurements weie performed during the 
morning, usually between 9 and 12 The addicts were not given any 
breakfast when studies were to be made In all cases, the subjects 
were leceiving moiphine at legulai intervals, the amounts langing 
between 6 and 28 grains (04 and 1 82 Gm ) per day, enough to supply 
their needs 

The basal pulse rates, blood piessures and respiration rates were 
obtained after the subjects had been reclining in bed for half an hour 

The figures for the blood pressure are the average of as 
man}’- as could be accurately taken in a period of five minutes 
The figures for the pulse and respiration rates are the average of a 
continuous fii e minute .count The figures obtained while the addict 
was standing weie always made following those obtained while he was 
reclining Folloiving this period, he was asked to stand quietly in the 

^ Submitted for publication, Dec 27, 1928 
From the Narcotic Wards of the Philadelphia General Hospital 

■^Expenses of this research were defrayed by the Committee on Drug Addic- 
tions, New Tork City The research \\as carried out under the guidance of the 
Philadelphia Committee for the Qinical Stud}’- of Opium Addiction, in the wards 
of the Philadelphia General Hospital, which were placed at our disposal through 
the courtes^ of the director of public health, city of Philadelphia 
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elect posture, paitially suppoited by the ^^all or window, and was 
not allowed to move except for a slight occasional shifting of the posi- 
tion of the feet He was allowed to stand for five minutes, when 
again a senes of deteiminations of blood piessure was made for a 
peiiod of five minutes as well as a continuous count of the pulse late, 
the figuies were then averaged 

The electi ocardiographic lecoids befoie and after the injection of 
ati opine veie made for us b}'’ Di Thomas MacMillan, who is in charge 
of the electi ocardiogiaphic voik m the Philadelphia General Hospital 
The nine addicts selected' for these tests weie sent to this department 
without bieakfast and rested m a chair foi from fifteen to thirty 
minutes before records vere made Following the taking of the record 
after this lest period, each addict was given %o gram (3 mg) of 
atropine sulphate hypodeimically, and recoids were taken every three 
01 four minutes foi the next hour and a half 

The Stan case climbing test vas earned out on addicts and nonaddicts , 
some of the latter were athletes m active tiainmg, membeis of the 
\aisit} crew and track teams of the Umveisity of Pennsylvania The 
nonathletes were made up largely of interns fiom the Philadelphia 
General Hospital as well as of the membeis of the staff investigating 
this pioblem None of the gioup of nonathletes was engaged in any 
form of sjstematic exercise, and all were leading a moie or less seden- 
taiy life 

All subjects on whom the staircase climbing test was earned out, 
regardless of the group, abstained fiom breakfast and reclined in bed 
foi thirty minutes before the basal blood pressure, and pulse and 
respiration lates were detei mined duimg a five minute period They 
then walked slovly doiin the two flights of staiis They were allowed 
to sit on the lower step for five minutes to lest prehminaiy to their 
climb At the end of this five minute rest period, the climb was 
immediately begun, the subject being paced by one of the observers, 
each taking two steps at a time A stop watch was used so that the 
length of time required to travel up the stairs was practically the same 
in all cases, varying from eighteen to twenty-one seconds The task 
of climbing the fifty-four steps was arduous, because the time was so 
short that the subject was lequired to lun at top speed, taking two 
steps at a time As soon as the subject ariived at the top of the staii- 
case, he lay down at once on the bed, and blood pressure, pulse and 
respiration rates weie determined Determinations of blood pressure 
were made continuously for five minutes, while a continuous record of 
the pulse and respiration rates was taken The first determinations of 
blood pressure, pulse and lespiiation rates are recorded sepaiately in 
the tables and charts Following this, the blood pressures were averaged 
for each minute, and the respiiation and pulse rates given per minute 
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RESULTS 

In table 1 aie summaiized the figures for the blood pressuies and 
pulse rates of a group of addicts, both while they were reclining and 
while they were standing, togethei with the lespiration rate while they 
were reclining Of the Hfty patients %vhose pulse rate was studied while 
they were reclining, fifteen showed a rate between 50 and 60 a minute, 
twenty-four between 60 and 70, eight between 70 and 80 and thiee 
between 80 and 85 The individual pulse lates taken while the patients 
were standing were 1 case, below 60, four cases between 60 and 70, 
thirteen cases between 70 and 80, six cases between 80 and 90, five cases 
between 90 and 100 and one case at 112 

The lange of systolic pressuies while the forty subjects studied 
were lechning showed onty one pressure below 100 mm, namely, 
98 mm In nine cases the pressures were between 100 and 110, in 
fifteen cases between 110 and 120, in twelve cases between 120 and 


Table 1 — Blood Piessuic, Pulse and Rcspn ation Rate of Human Addicts Dm mg 

the Adniinistiahon of Moiphme 



Pulse Rate 

Blood Pressure 



Pitient 

Reclining 

Pitient 

standing 

Patient 

Reclining 

Patient 

Standing 

Respiration 

^ulIIber of c tses 

50 

30 

40 

2S 

48 

Highest 

84 

112 

lSS/92 

1S8/S9 

22 

Lowest 

52 

66 

9S/62 

88/64 

10 

A\ enge 

G5 

79 

117/72 

108/74 

IS 


130 and in three cases between 130 and 140 The systolic pressures 
obtained in twenty-eight addicts while standing were distiibuted as 
follows in one case, between 80 and 90, in three cases, between 90 and 
100, in sixteen cases, between 100 and 110, in three cases, between 
110 and 120, in four cases, between 120 and 130, and in one case 
between 130 and 140 The determination of the diastolic pressuies 
of the foity leclining subjects studied resulted in two between 50 and 
60, sixteen between 60 and 70, sixteen between 70 and 80, and six 
between 80 and 90 Diastolic pressures taken while the subject was 
standing were between 60 and 70 m five cases, between 70 and 80 
in fifteen cases, and between 80 and 90 in ten cases 

Of the forty addicts m whom the respiratory rate was studied 
while the} weie leclining, the rate of six fell between 10 and 15 pei 
minute, of thirty between 15 and 20 and of fourteen between 20 and 
22 per minute 

Table 2 contains a summary of the electrocardiographic studies of 
nine addicts together with the effects of the administration of %o grain 
(3 mg ) of atropine sulphate The aveiage pulse rate of these addicts 
was 75 8 pel minute and the aveiage P-R inteiA^al, 0 157 second Both 
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auricular and ventricular complexes were normal in all the leads m all 
cases Of the nine cases studied, the P-R interval in one case was 
018 second, in thiee cases 016 second, in one case 015 second, in 
thiee cases 0 14 second, and in one case 0 13 second The average 
deciease of the P-R interval due to the effects of the ati opine sulphate 
was 0 26 second, the individual results being in one case, a decrease of 
0 05 second , in two cases, 0 04 second , in two cases, 0 02 second, and 
m two cases, 0 01 second The percentage inciease m the rate after 

Table 2 — Stiiiniiaiy of EIccU ocatdtogiaphic Studies in Human Addicts D tiling 
the Adinimsti alwn of Moiphine Togeihei zvifh the Effects of the 
Adnitnisfi ation of One Tzventieth Gt am of Ati opine Sulphate 


Rnte 

Before 

Vtropinc 

^o of eases a 

Higliest ao 

Lowest 11 

Vi erage 75 S 

Rate 
During 
Height of 
Atropine 
Llfect 

9 

125 

SI 

101 S 

Per Cent 
Inciease 

9 

60 

21 

15 9 

Hmc of 
Gieatest 
E fleet 

9 

36 min 

1C min 

24 7 min 

PR 

Inter! nl 
Before 
Atropine 

9 

0 18 

0 14 
0157 

PR 

Interval 
During 
Height of 
Atropine 
Eileet 

9 

0 15 

on 

0 13 

Decrease 
in P-R 
Inteival 

9 

0 05 

0 01 

0 027 

Tune of 
Greatest 
Eftect 

9 

36 min 

7 min 

14 5 min 

Table 3 — A Coiitpat 

isoH of the Catdtac Response to Stan case Climbing as Shozvn 

by Pulzc Rate m Human Addicts Dm 

mg the Admmisti ation of 


Moi phtnc 

and til Athletes and Nonathlctes 





Pirst 

First 

Second 

Third 

Fourth 

Fifth 


Basal 

Rending 

Minute 

Minute 

Minute 

Minute 

Minute 

Vddicts (22 tests) 








Highest 

S2 

132 

127 

111 

101 

95 

93 

Lowest 

51 

92 

/ t 

02 

50 

55 

59 

ernge 

G1 

120 

101 

SI 

77 

75 

70 

\thletes (11 tcst=) 








Highest 

70 

12S 

93 

72 

77 

76 

79 

I owest 

oG 

110 

78 

50 

50 

52 

50 

era go 

07 

117 

84 

Gj 

07 

65 

OS 

^OIlathletes (ID tests) 








Highest 

S9 

152 

125 

107 

102 

107 

103 

Lowest 

01 

101 

62 

02 

00 

02 

74 

\ecragc 

75 

120 

107 

91 

88 

87 

87 


the admmisti ation of atropine, while avei aging 45 7 per cent, was 
distiibuted as follows in one case it inci eased to 21 pei cent, in three 
cases between 30 and 40 pei cent, and in four cases between 50 and 
60 per cent The time of the gieatest effect of the ati opine sulphate 
on the P-R inteival averaged fouiteen and a half minutes Of the 
individual cases, one showed the gieatest effect m seven minutes, two 
cases m nine and a half minutes, two cases in twelve minutes, and 
the rest distiibuted as follows, namely, fouiteen minutes, twenty-two 
minutes and thirty-six minutes, lespectively 

Figure 1 IS a typical tiacing obtained fiom an addict, a man, aged 26, 
who received 12 grains (0 78 Gm ) of morphine sulphate every twenty- 
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four hours His histoiy of addiction extends ovei a period of eight 
} ears, during which time he claimed to have used as much as 25 grains 
(16 Gm ) of moiphme a da} 

Tables 3 to 6 inclusive contain the summaries of the response of the 
blood pressure, heart and lespnatory rate to staircase climbing in a 
gioup of twent}-two addicts compared to these lesults for eleven 
athletes and ten nonathletes Comparison of the average pulse rate 
reaction in the gioups shows that the initial increase in the rate of the 
addicts was 12 beats more than the rate of the athletes, and 11 more 
than that of the nonathletes At the end of the five minute observation 



1 Electrocardiographic tracing obtained from a male opium addict, who 
has used morphine for eight years The daily dose in the ward was 12 grains 
(0 78 Gm ) of morphine sulphate 

period, the addicts’ aveiage late was still 11 beats above the basal level, 
that of the nonathletes 12 beats and that of the athletes only one beat 
above their individual basal levels 

The initial inciease in systolic piessuie was greatest in the athletes, 
namely, 45 mm , it was 33 mm in the nonathletes and 29 mm in the 
addicts At the end of five minutes, all three groups showed an average 
of 4 mm above the basal systolic pressure A comparison of the 
results of the determinations of the diastolic pressures showed an 
initial fall of 10 mm m the addicts, 22 mm m the nonaddicts and 10 mm 
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Table 4 — A Companson of the Systolic Pressure Response to Stavcase Climbing 
in Human Addicts Dining the Administi atwn of Morphine 
and in Athletes and Nonathletes 




Pirst 

First 

Second 

Third 

Fourth 

Fifth 

Addicts (22 tests) 

Basal 

Reading 

Minute 

Minute 

Minute 

Minute 

Minute 

Highest 

ISa 

176 

180 

164 

151 

138 

131 

Lowest 

97 

106 

110 

106 

106 

102 

98 

Average 

IIG 

145 

146 

141 

132 

125 

120 

Athletes (11 tests) 








Highest 

138 

178 

180 

1^ 

148 

139 

132 

Lowest 

100 

138 

140 

124 

116 

111 

111 

Average 

119 

164 

160 

145 

132 

126 

123 

^onathletes (10 tests) 








Highest 

133 

168 

178 

ICO 

151 

139 

138 

Loxi est 

lOS 

126 

130 

125 

122 

U9 

115 

Average 

116 

149 

150 

141 

134 

123 

124 


Table 5 — A Comparison of the Diastolic Pressure Response to Stan case 
tng of Human Addicts During the Administi ation of Morphine 
and of Athletes and Nonathletes 

Climb- 


Basal 

First 

Reading 

First 

Minute 

Second 

Minute 

Third 

Minute 

Fourth 

Minute 

Fifth 

Minute 

Addicts (22 tests) 

Highest 

82 

SO 

SO 

80 

79 

83 

81 

Lowest 

62 

38 

52 

44 

51 

63 

52 

Average 

70 

00 

63 

04 

64 

64 

64 

Athletes (11 tests) 

Highest 

77 

SO 

70 

82 

78 

78 

75 

Lowest 

5i 

28 

40 

42 

30 

SO 

40 

Average 

66 

55 

60 

62 

60 

59 

61 

Xonathletes (9 tests) 

Highest 

91 

74 

7S 

73 

73 

79 

77 

Lowest 

60 

20 

60 

5S 

53 

53 

54 

Average 

70 

52 

74 

03 

74 

72 

74 




Table 6 — A Companson of the Response of Respuation to Stan case Climbing 
in Human Addicts Dining the AdmmisU ation of Morphine 
and in Athletes and Nonathletes 




Basal 

Addicts (22 tests) 

Highest 


19 

Lowest 


12 

Average 


16 

Athletes (11 tests) 

Highest 


22 

Lowest 


10 

Average 

4 ^ 

14 

N’onathletcs (9 tests) 

Highest 


22 

Lowest 


11 

Average 


16 


First 

Minute 

Second 

Minute 

Third 

Minute 

Fourth 

Minute 

Fifth 

Minute 

23 

24 

22 

20 

21 

17 

14 

11 

11 

13 

21 

18 

17 

17 

17 

27 

27 

27 

25 

25 

14 

11 < 

11 

10 

10 

18 

15 

15 

14 

14 

30 

27 

26 

22 

22 

19 

16 

15 

13 

IS 

23 

21 

19 

IS 

17 





Fig 2 — Average changes m pulse and respiration rates in a group of human 
addicts receiving morphine, nonaddicts and athletes, following the staircase climb- 
ing test In this and fig 3, the solid line indicates addicts, the broken line, non- 
addicts, and the dash and dot line, athletes 



READIN6 MIN MIN MIN MIN MIN 


^ — ^Average changes in systolic and diastolic blood pressure in a group 
of human addicts receiving morphine, nonaddicts and athletes, following the stair- 
case climbing test 
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in the athletes At the end of the five minute rest period, the diastolic 
pressnie of the athlete was still 5 mm below the basal piessure for the 
athlete, 4 mm above for the nonathlete and 6 mm below for the addict 
The changes in the respiratory late showed an initial increase of 
4 lespirations per minute in the athlete, 7 m the nonathlete and 5 in the 
addict Five minutes latei, the average late of the athletes was again 
normal, while those of the nonathlete and the addict were still one above 
The 01 thodiagrammatic measurements made of the heart of eight 
different addicts resulted m a lange of the ratio of the transverse 
diameters of the heart to the chest of from 38 2 to 50 per cent Of 
the eight cases m table 7, the latios in fotii were within the normal 
range of Danzer,^ namely, from 45 to 50 per cent In thiee the ratio 
fell between 45 and 40 pei cent and in one it was 38 2 per cent All 


Table 7 — Mcasui cmcitts of flic Heart Obtained from Oi thodiagi am of Addicts 
Dntiiiq the Adinimsti aiioti of Moi fliiiic 




Transverse 

Transverse 

Ratio of 


Aortic 

Diameters 

Diameters 

Transverse 


Arch, 

of Heart, 

of Chest, 

Diameters, 

Case Number 

Cm 

Cm 

Cm 

per Cent 

2G-32 

41 

115 

28 3 

40 0 

2G-3-1 

50 

12 9 

200 

49 0 

20-21 

50 

123 

27 8 

47 8 

20-35 

54 

12 0 

20 8 

43 2 

20-Sl 

41 

10 8 

28 2 

382 

20-30 

52 

12 3 

281 

43 7 

20-39 

4 5 

15 3 

310 

49 3 

20-29 

48 

131 

20 2 

50 0 

Average 

4 8 

12 5 

27 8 

543 


cases showed a diameter of the aortic aicli of less than 6 cm , ranging 
from 4 1 to 5 6 cm , with an average of 4 8 cm 


COMIMENT AND LITERATURE 

A careful study of the data presented in this paper does not reveal 
any obvious deviation from the normal of the heart and circulation 
m human opium addicts during the administration of morphine sulphate 
to prevent withdrawal symptoms The literature covering this subject 
in human addicts is limited to general statements regarding the 
circulation 

Levinstein,- one of the earliest writers on opium addiction in man, 
asserted that addicts frequently suffeied with dyspnea and palpitation 
of the heart He described the pulse as often being small and rathei 
hard Jouet ^ mentioned frequency of palpitation and precordial pain 

1 Danzer, C Saul The Cardiothoracic Ratio An Index of Cardiac Enlarge- 
ment, Am J M Sc 157 513 (April) 1919 

2 Levinstein, Edward Die Morphmmsucht, trans b}’’ Charles Harrer, 1878 

3 Jouet, D fitude sur le morphinisme chronique, These de Pans, 1883 
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Bell ‘ and Schwenninger ^ claimed the presence of fatty degeneiation of 
the heal t but Allbutt ® did not believe this, because of evidence obtained 
at clinical examination or at autopsy At an autopsy performed on an 
opium addict thiiteen days aftei withdiawal of the drug, Ball" found 
slight myocardial degeneration but not sufficient to cause death Pettey ® 
believed in the presence of defective heart action, while Church and 
Peterson ” included cardiac weakness, intermittence and bradycardia 
among the symptoms of opium addiction Lambert called attention 
to the slow pulse of the morphinist and stated that in the later stages 
theie was a fall in arterial tension and enfeeblement of the heait 
De Fursac and Rosanoff “ claimed not only the occuirence of circulatory 
atony and weak cardiac impulse, but also of tiansient edemas m addicts 
Sollman and Anders and Musser mentioned the fiequent presence 
of cardialgia Bishop also called attention to the slow pulse of the 
morphinist Sandoz reported that addicts often complained of palpi- 
tation of the heart with rapid and irregular pulse accompanied with 
fainting spells Legewie studied the behavior in a case of morphine 
addiction from its inception to death Despite attacks of delirium and 
motor excitations which could be leheved by additional amounts of 
morphine, at no time did the patient show any weakness of the ciicu- 
latory system 

4 Bell, F AI Morphinism and Morphmomania, New York M J 93 680, 

1911 

5 Schwenninger, Ernst Gesammelte Arbeiten, Berlin, 1886, vol 1, chapter 4, 
pp 143-151 

6 Allbutt, T C A System of Medicine, London, The Macmillan Company, 
1908, vol 2, part 1 

7 Ball, B Des lesions de la morphinomanie, et de la presence de la mor- 
phine dans les visceres, Encephale, 1887 

8 Pettey, G E Narcotic Drug Diseases and Allied Ailments, Philadelphia, 
F A Davis and Co , 1913 

9 Church, A , and Peterson, F Nervous and Mental Diseases, ed 8, Phila- 
delphia, W B Saunders Companj, 1914, pp 930 

10 Lambert, A , in Osier and McCrae Alodern Aledicine, Philadelphia, Lea 
&. Febiger, 1914, vol 2, chapter 23, pp 396 

11 De Fursac, Rogues J , and Rosanoff, A J Manual of Psychiatry, New 
York, John Wiley & Sons, 1916 

12 Sollman, Torald Manual of Pharmacology, Philadelphia, W B Saunders 
Compam, 1917, pp 355 

13 Anders, J At , and Atusser, J H Practice of Medicine, Philadelphia, 
W B Saunders Compan\, 1920 

14 Bishop, E S Alorphinism and Its Treatment, J A AI A 58 1499 
(A'Ia^ 18) 1912 

15 Sandoz, C E Report on Alorphinism to the Alumcipal Court of Boston, 
J Crim Law &. Cnminol 13 1 (Alay) 1922 

16 Legewie, B Delirium bei Alorphinismus Zugleich ein Beitrag zur Frage 
der Alorphmgewohnung, Ztschr f d ges Neurol u Psjchiat 89 558, 1924 
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In a senes of 96 patients m ^\hom the behaMor of the circulation 
^\as studied, not one complained of attacks of cardialgia The histori 
of the presence of palpitation was sometimes elicited when the addict 
was certain that he was not using sufficient quantities of the drug to 
pre\ent withdrawal s\mptoms Two of the 96 cases showed occasional 
extras} stoles otherwise irregularity of the pulse w^as never encoun- 
tered X'ormal figures for the basal pulse rate blood pressure and 
respirations \ar\ as shown in the literature All the figures that we 
obtained, howe\er, he well within the normal variations The average 
s}stoIic blood pressure m a large series of normal subjects reported by 
Fisher^' was 123 2 mm while in 2,000 normal patients Schneider^® 
found the systolic piessuie, determined while the patient w^as reclining, 
to be 117 9 mm Oui a\erage figure for the 40 addicts while reclining 
was 117 mm identical with that of Schneider and 6 mm below the 
average m Fischers cases which may have included standing and 
sitting postures Schneider s a\ erage for the pressure of the 2,000 nor- 
mal men while standing was 120 2 mm the average m our cases was 
108 mm Schneider attributed the fall in the systolic pressures wffien 
the subjects changed from reclining to standing postures to disease, 
iinlngiemc Ining or excessive cigaret smoking An analysis of our 
cases re\ealed that 75 per cent showed a fall in the pressure wdien the 
patients changed from the reclining to the standing postures All of 
these subjects were excessive smokers and lived rather unhygienic lives, 
however, this is true of practically all our addicts 

A compari'-on of Schneider’s normal figures for the pulse rate 
w bile the patient is reclining, w Inch he gn es as 74 1 w ith those in oui 
cases which a^ erage 65 per minute show's a slower rate for the addicts 
Gu\ liowever, in studying 100 normal subjects in the London Hos- 
pital gi\es an a\ erage figure of 66 6 beats per minute w'hile the patient 
was reclining Se\ent\ per cent of the addicts w'e studied had a basal 
pulse late below 70 per minute while reclining this slightly slower 
than normal rate of the heait is in agreement with the figures of 
Lambert’® and Bishop’^ for the pulse late of morphine addicts and 
IS suggestnc ol \an Egmond s theor\ that sensitneness of the vagus 

17 Fisher, J A quoted H Xorris, G W, and Bazett H C Blood Pres- 
sure, Philddelphia Lea and Febiger, 1927 p 127 

18 Schneider, Edward C, and Truesdell, Dorotlw A.m J Ph\siol 61 429 
(Aug) 1922 

19 Gm Gu\ b Hosp Rep 4 63, 1839, Encyclopaedia of Anatomy' and Physi- 
ology, 1852, vol 4, p 186 

20 Van Egmond, A A J Ueber die Wirkung des Alorphins auf das Herz 
(zugleich cm Beitrag zur Frage der Alorphingew'ohnung), Arch f exper path 
u Pharmako! 65 197 1911 
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center to morphine is not lost Schneider s average normal for the 
pulse rate while the patient is standing is 91 9 beats per minute , Guy’s 
average normal is 78 9 beats per minute, while our average figure is 
79 beats per minute Our figures are therefore identical with those 
of Guy, but considerably lower than those of Schneider 

The average respiration rate of 18 per minute m the forty cases 
shows the striking absence of the pharmacologic action of morphine 
on respiration in addicts There was no correlation between the 
amounts of the drug administered to these addicts and the individual 
variations in respirations 

The electrocardiographic tracings were analyzed and did not show 
fundamental differences from those obtained m a series of normal sub- 
jects in this hospital or from those published by Lewis In a study 
of the determination of the average P-R interval in normal patients, 
Lewis and Gilder stated that it is usually between 0 13 and 0 16 
seconds Our average figure for nine cases is 0 157 second, this figure 
being placed near their upper limits Three of the nine cases showed 
P-R intervals above the average of 0157 second, in one case, the 
interval was 0 18 second and in two, 0 16 second We have no data at 
hand for comparison of the action of atropine in normal persons, but 
these results are given here as the same experiments were performed, 
and will be reported in a later paper, on the same subjects after the 
drug had been withheld for a period of six days 

Athletes were selected as one group for the study of the heart and 
circulation during the staircase climbing test with the object of obtain- 
ing a response which could he taken as representative of physical fitness 
for cardiac stress Having obtained the reactions of the athletes, we 
had a basis for comparison with the addicts and untrained subjects 
The response of the athletes was characterized by the greatest initial 
increase in systolic pressure, the least initial increase in pulse and 
respiration rate and the most rapid return to the normal figures The 
response of the addicts compared favorably with that of the untrained 
nonaddicts in all respects except in the initial rise in pulse rate and 
blood pressure The addicts met the strain of climbing the staircase 
with an increase in heart rate rather than with a rise in pressure The 
readjustment to basal levels is carried out in the addict with as great 
rapidity as in the untrained nonaddict The degree of perceptible 
dyspnea was far greater in the untrained normal subject than m the 
addict, who compared favorably with the athlete 

The data obtained from the orthodiagrammatic measurements of the 
chest suggest, that the heart of the addict is slightly smaller than the 

21 Lewis, Thomas The Alechanical and Graphic Registration of the Heart 
Beat, London, Shaw- & Sons, 1920 
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average as in four of our cases the latio fell below the lowest limit of 
the normal latios of Danzer,’- namely, 45 per cent Case 26-31, in 
which the ratio was 38 2 per cent, did not show the slightest evidence of 
tuberculosis, as is suggested m cases m which the ratio falls below 
45 per cent Neither did the other three cases present any evidence 
of tuberculosis The average diameter of the aortic arch does not 
suggest any widening in these cases 

CONCLUSIONS 

study of the pulse rate and blood pressure while the subject is 
reclining and while he is standing, of the respiration, electrocardiograms 
and response to staircase climbing tests in a series of opium addicts, 
who were given morplnne m sufficient quantities to prevent withdrawal 
s}mptoms. resulted in the failure to find marked deviation in the 
behavior of the circulation and respnation from that of normal persons 
The average pulse rate in 70 per cent of our patients while reclining 
^\as shghtl} below the usual average figures given for normal persons 
Orthodiagrammatic measurements showed a tendency for the heart 
of the addict to be smaller than the average heart in normal subjects 
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Disn\sLS or the Gail Bladder ald Bit e Ducts B> E\arts Ambrose 
Graham, AB, MD, Protessor of Surgerj, Washington Universit}' School 
of Medicine, St Louis, Surgeon-in-Chief, Barnes Hospital and St Louis 
Children’s Hospital , Warren Henri, Cole, B S , At D , Instructor in Surgery, 
Washington University School of A'ledicine, Assistant Attending Surgeon, 
Barnes Hospital and St Louis Children’s Hospital, Glover H Gopher, 
A B , AI D , Assistant Professor of Surgerj' Washington Untversit\ School 
of Aledicine, Assistant Attending Surgeon, Barnes Hospital and St Louis 
Children’s Hospital and Sherwood Moore, AI D , Professor of Radiology, 
Washington University School of Aledicine, Director of Malhnckrodt Institute 
of Radiology, Radiologist to Barnes Hospital, St Louis Children’s Hospital, 
Shriners’ Hospital and St Louis Alaternitj Hospital Price, §8 Pp 456, 
with 224 engravings and 8 colored plates Philadelphia Lea & Febiger, 1928 

Other reviewers have pronounced this book superior to anything of its kind 
which has appeared since Rolleston’s “Diseases of the Liver, Gall Bladder, and 
Bile Ducts” which was published in 1905 A comparison of the two is most 
interesting, for certainly there is no other book in the English language to which 
the new treatise mav be likened Rolleston devoted 182 pages to the group of 
subjects for which the present authors required 456 The striking part of the 
comparison, howeier, is not the number of pages or the quality of the material 
presented, for it is excellent in both, but rather the development m this particular 
field in a brief period of twenty-three years and the difference in the point of view 
Rolleston describes in great detail the varied pathologic conditions of the biliarv 
tract with their respective symptomatologies, and discusses so thoroughly and 
well the etiology, diagnosis, prognosis and treatment that his work remains authori- 
tative It definitelj presents the attitude of that school the ambition of w'hich it 
IS to know thoroughly the subject of pathologic anatomy and to apply this knowl- 
edge at the bedside 

In the newer work the anatomic point of view has been replaced by a combined 
anatomic and physiologic one Graham and his co-w'orkers cannot be said to 
have neglected pathologic anatomj In fact, thej' have made significant contribu- 
tions to it, such as the establishment of the relationship between cholecystitis and 
hepatitis The chapter on the “Pathogenesis of Cholecystitis” is splendid and 
marks a real advance in our views of the subject But to this faithful presentation 
of morbid anatomj' and its corresponding sj'mptomatology there is added so much 
consideration of the functional that one is at once aw'are of the fact that emphasis 
IS placed on the physiologic rather than on the anatomic The fixed attitude of 
pathologic anatomj has been superseded bj' the actue flexibility of experimental 
patholog\ and phj'Siologj This change is noticeable throughout the book A 
considerable amount of controversial material is included in the chapter on the 
“Physiology of the Gall Bladder,” but this is essential for a comprehensne under- 
standing of the subject, and the chapter is an excellent one 

The subject of radiologj of the gallbladder is presented splendidlj', a full 
100 pages being devoted to it, w'hich is none too much w'hen one considers that its 
authors are the originators of the modern methods of visualization of the gall- 
bladder, and that thej are more familiar w'lth its possibilities than anv one else 
A historical sketch is gnen, and the value of roentgen examination of the biliarv 
tract prior to cholecj stograplw is carefully considered A knowledge of this is 
essential for the proper comprehension of the importance of the new'er method 
The technic of cholecystographj is described in detail and the much debated 
question as to the interpretation of atypical observations is discussed A'anous 
statistical reports pertaining to the diagnostic efficiencj of the procedure are given 
Perhaps the authors maj be accused of oaerenthusiasms, but certainh thej have 
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seriously considered the various criticisms offered and have not hesitated to accord 
equal value to the observations of others 

It IS something of a surprise to find a lengthy chapter devoted to tests of hepatic 
function, but, after reading it, one is glad to have had it included Its rather large 
literature has been reviewed and presented in a clear manner together with the 
experiences and opinions of the authors The same may be said of the chapters 
on surgical treatment in cholecystitis 

Fuxgi and Fungous Diseasks By Aldo Castlllani, M D Reprinted from 
the Ai chivcs of Deiuwtology and Syl>hdolog\\ bv the American Medical 
Association 

This book of 200 pages is a reconstruction of the Adolph Gehrmann Lectures 
of the University of Illinois College of Medicine, delivered by Prof Castellani 
in 1926, and published in the At chivcs of Dci nmtologv and Syphilology between 
October, 1927, and March, 1928 It consists of three lectures one on fungi, one 
on fungous diseases (referring to internal mycoses), and one on diseases of the skin 
due to fungi — the dermatomycoses No one questions but that Castellani is an 
authority on the subject of mycoses 

The first lecture is extremely complicated, involving a nomenclature which is 
notoriously unstable in a field inadequately surveyed Its contents are of invaluable 
aid to the intensive student in this field and to the mycologist as a reference 
work The classification is so complex that as the introductory chapter to the 
volume, It maj' offer a rather formidable obstacle 

The subsequent two lectures, with their direct application to concrete clinical 
problems, have a different flavor and are informative and stimulating The author’s 
method of emphasizing the etiologic factor m the various fungous diseases, and 
of considering definitions, synonyms, clinical symptoms, illustrative cases and 
therapy, should make the book valuable, not only to the dermatologist but to the 
general practitioner as well The book is plentifully illustrated with drawings, 
photographs and colored plates 

It is generally assumed that fungous diseases are of importance only to prac- 
titioners in the tropics While it is true that the majority do occur there, students 
of this subject point to the increasing incidence of these diseases, not only m the 
southern latitudes of the United States, but also m the temperate regions One 
cannot help but agree with Castellani that since the perfection of the science of 
bacteriologv mycology has been sadly neglected Castcllani’s book offers an 
excellent aid in correcting this neglect 

Irabvjos V PcBLicAciONrs nr ea Clinica nu. Prof Peoro Escudfro 
Price, S12 00 Buenos Aires El Ateneo, vol 3, 1928 

1 his volume of nearlj 600 pages, lavishly illustrated, maintains the same high 
standard set in the former publications of Escudero’s clinics which have been 
reviewed in these pages The methods pursued are those of the older clinicians 
Painstakingly thorough studies of cases or scries of cases are made Every known 
laboratory aid is used , when necessary, experimentation on animals carries the 
problems further What impresses the reader most, however, is the intensity of 
the clinical investigations 

kluch of the material consists of the continuation of studies previously outlined 
in these book reviews This comprises the more important parts of the volume 
Escudero’s papers on splenomegalies, latent diabetes and the relations of diabetes 
to other diseases 

Many cases of diabetes have been recognized in the preglycosuric stage 
Interesting pathologic features are noted, especially in the skin Methods of diag- 
nosing latent hyperthyroidism are also described This test is based on the changes 
m the pulse and the metabolic rate following the administration of thyroid extract 

Of especial note is the continuation of the studies of bone marrow in various 
blood dyscrasias Biopsies arc made by inserting a drill into the marrow under 
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a local anesthesia and making smears of the exuding fluid It appears to be a 
safe method which can be used in the office and offers possibilities of much earlier 
diagnosis than studies of the blood permit 

Asthma Its DiagisOSis axd Treatment By William S Thomas Price, 
§7 50 Pp 279, with 26 illustrations New York Paul B Hoeber, 1928 

The author of this work describes, without going too deeply into theoretic 
considerations, the modern methods employed in studying the asthmatic patient 
He emphasizes the importance of detailed histones of cases and of a thorough 
study of the many possible etiologic factors before treatment is planned He 
points out especially the technic and interpretation of skin tests with all animal 
and vegetable exposures, including, when indicated, bacterial cultures made from 
secretions, excretions and infected foci The chapters on the preparation and 
uses of autogenous vaccines describe distinct advances m this form of therapy 
Several forms of nonspecific treatment that are now in vogue are described, most 
of them being rightfully condemned or their use questioned The cooperation of 
the otolaryngologist and the internist is properly stressed More detailed descrip- 
tions of the technic of desensitization to plant and animal proteins and of the 
precautionary measures necessary for this form of treatment should have been given 
The last chapter, entitled the “Causes of Disappointing Results,” again emphasizes 
the value of thoroughness If the practical suggestions given in this book w'ere 
carefully followed, there ivould be fewer disappointed patients returning from 
various climates where they had been advised to go for relief from asthma 

Laboratory Manual of the Massachusetts General Hospital By Roy 
R Wheeler and F T Hunter Price, §1 75 Pp 101 Philadelphia 
Lea & Febiger, 1928 

This IS the second edition of this laboratory manual which was first published 
for the use of the interns and students m the Massachusetts General Hospital It 
contains the usual procedures for routine laboratory work, and m addition has 
chapters briefly discussing special diagnostic procedures and the technic of the 
common therapeutic measures used in the hospital The book is not intended to 
cover the material exhaustively, but to describe briefly how to carry out the 
different procedures quickly and accurately The book accomplishes its purpose 

Book or Diets of the McGuire Clinic and St Luke’s Hospital, Depart- 
ment or Dietetics, Richmond, Va Pp 50 1928 

This IS a pamphlet of fifty pages containing the diet used by the McGuire 
Clinic of Richmond for medical and surgical cases On the whole it is good and 
will serve as a basis for future diets 
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This Study deals with the etiology of a form of chronic arthritis 
which has been variously lefeired to as rheumatoid arthritis, arthritis 
defoimans or chronic infectious aithntis Goldthwaite^ and his school 
call it atrophic aithntis It may be defined as a chronic inflammatory 
condition of the joints and periarticular tissues, characterized in the 
eailier stages by migiatoiy swelling and stiffness of the joints, and m 
the latei stages by moie or less defoimity and ankylosis In the great 
majoiity of cases, seveial joints aie involved, indeed, one of the most 
striking featuies of the disease is its tendency, if unchecked, to progress 
and finally to involve nearly every joint in the body 

The etiology of chronic deforming arthritis has long been a subject 
for debate Perhaps no disease in the whole realm of internal medicine 
has been more prolific of hypotheses and theories It has long been 
lecognized that there weie many predisposing factors, such as fatigue, 
cold and exposuie, which played an impoitant part in the actual onset 
of symptoms , but the exciting cause or agent has eluded the most per- 
sistent investigatois 

The most impoitant contribution to the etiology of chronic aithntis 
was that made by Billings ^ and his co-workeis nearly twenty years ago, 
when they pointed out the relationship which existed between focal infec- 
tion and chronic infectious arthritis Othei students of arthritis were 
quick to lecognize the impoitance of this work, and now the role of 
focal infection in the etiology of this disease is widely recognized 
Billings believed that the joint manifestations were nothing other than 
metastatic infections, and he preferied the teim chronic infectious 
arthritis to arthiitis deformans oi iheumatoid aithntis 

■' Submitted for publication, Feb 15, 1929 

> From the Cornell Clinic and the Second (Cornell) Medical Division of 
Bellevue Hospital 

1 Goldthwaite, J E Infectious Arthritis, Boston M & S J 101 363 1904 

2 Billings, Frank Chronic Focal Infections and Their Etiologic Relations 
to Arthritis and Nephritis, Arch Int Med 9 484 (April) 1912 




572 


ARCHIVES OF INTERNAL MEDICINE 


In spite of the popularity of the theory of focal infection, modern 
authorities are not entirely in agreement as to the importance of such 
foci in the etiology of chronic infectious arthritis Furthermore, even 
among those who accept the theory of focal infection, there is consider- 
able disagreement as to what bacteria are actually responsible for the 
disease The almost constant presence of various forms of strepto- 
cocci in the original foci of infection has naturally led to the presump- 
tion that some t}pe of streptococcus was responsible for the arthritic 
condition as well as for the focgl infection Unfortunately, the bacterial 
flora in the tonsils and about the teeth is so varied and contains such a 
multiplicity of streptococcal types that it has been impossible to deter- 
mine whethei Sti eptococcus viridans, Streptotoccus heinolyticus oi the 
mdiiferent sti eptococcus plays the etiologic part This confusion is 
enhanced still further by the presence of just as many varieties of strep- 
tococci about the tonsils and teeth of healthy persons as in those patients 
suffering from chionic infectious arthritis 

McCrae ® took the view that the condition is always secondary to a 
focal infection somewheie in the body, but doubted whether this means 
actual infection of the joint with organisms He thought that the joint 
changes in many cases may be due to toxins He ventured no opinion 
concerning the actual bacteria responsible for the disease 

Pemberton ^ expressed the belief that focal infection in the tonsils 
and teeth is responsible m many cases, but that a large variety of diseases 
of an infectious or inflammatory nature may act in an analogous way 
He believed that the most important causative oiganisms are Sti epto- 
coccus hemolyticus and SU eptococcm vvidans, “although piobably any 
other organism is capable of producing the same results ” 

Osgood ° stated that rheumatoid arthritis is a disease m which no 
specific organism has been found which can be held constantly respon- 
sible for its causation He concluded that there are probably many 
different types of organisms and many other factors that play etiologic 
parts in its onset and course 

Nichols and Richardson,® after careful investigation of the patho- 
logic changes in sixty-five cases of chronic arthritis, came to the con- 
clusion that the lesions in the rheumatoid type might result from a 
great variety of origins, such as infection, disease and trauma 

5 McCrae, T Arthritis Deformans in Osier and McCrae Modern Meai- 
cine, Philadelphia, Lea & Febiger 1915, vol 5, p 895 

4 Pemberton, R Arthritis in Nelson’s Loose-Leaf Living Medicine, vol 5, 
p 60S 

5 Osgood, R B The Orthopedic Aspects of Chronic Arthritis, J Bone & J 
Surg 8 1 (Jan ) 1926 

6 Nichols, F H, and Richardson, F L Arthritis Deformans, J M 
Research 16 149, 1907 
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Hench of the Mayo Clinic expiessed the belief that arthritis 
deformans is primaiily of infectious origin He emphasized the sys- 
temic natme of the condition 

A consideiable amount of leseaich has been earned out on the bac- 
teiiology of chiomc infectious arthiitis, but none of this can be said to 
have fuinished conclusive infoimation as to the exciting cause of the 
disease The constant piesence of vaiious types of stieptococci in the 
tonsils and about the teeth has naturally focused the inteiest of investi- 
gators on these oiganisms Davis/ in 1911, look cultures from the 
vaiious foci of infection which he found associated with chronic 
arthiitis In the great majority of cases, the hemolytic streptococcus 
was the pi edominating organism With these stieptococci, Davis was 
able to produce arthritis expei imentally in i abb its Blood cultures and 
cultuies from the joint fluids of patients with chronic arthritis never 
gave positive results However, Davis felt fiom his own investigations 
that the hemolytic streptococcus was piobably the etiologic agent 

Working on the assumption that chronic deforming arthritis was 
a streptococcal disease, Hastings, ° in 1913, resoited to the complement- 
fixation test as a method of determining which type of streptococcus 
was instrumental in causing the infection By employing the old 
Wassermann technic, Hastings obtained positive complement fixation 
with the seium of aithiitic patients and strains of streptococci isolated 
from foci of infection In this way he believed that he could determine 
the exact biologic type of sti eptococcus with which the patient was 
infected 

Moie recently, Bui bank and Hadjopoulos have repeated Hastings’ 
complement-fixation woik with a slightly modified technic They found 
that patients with periai ticulai or deforming aithiitis reacted positively 
to some form of hemolytic streptococcus, whereas patients with osteo- 
arthritis reacted positively to streptococci of the vn idans groups 

E C Rosenow was disposed to look on SU cptococcus vindans 
as the exciting agent in chronic infectious arthritis This investigator 

7 Hench, P S The Systematic Nature of Chronic Infectious Arthritis, 
Atlantic M J 28 425 (April) 1925 

8 Davis, D J Bacteriological and Experimental Observations on Focal 
Infections, Arch Int Med 9 505 (April) 1912, Chronic Streptococcus Arthritis, 
J A M A 61 724 (Sept 6) 1913 

9 Hastings, T W Complement Fixation Tests for Streptococcus, Gonococ- 
cus and Other Bacteria in Infective Deforming Arthritis and Arthritis Deformans, 
J A M A 60 1208 (April 13) 1913, Complement Fixation Tests in Chronic 
Infective Deforming Arthritis, J Exper Med 20 52, 1914 

10 Burbank, R, and Hadjopoulos, L G Serologic Significance of Strep- 
tococci in Arthritis and Allied Conditions, J A M A 84 637 (Feb 28) 1925 

11 Rosenow, E C The Etiology of Arthritis Deformans, J A M A 62 
1146 (April 11) 1914 
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took cultures from the enlarged lymph nodes of patients with chronic 
arthritis and was able to isolate Streptococcus vindans in a considerable 
number of cases 

Small believed that a certain number of cases of chronic infectious 
arthritis are nothing more than a chronic form of rheumatic fever, and 
as such are referable to infection with the indifferent streptococcus 
( S'/I eptococcus cm dio-arthi liidis') 

From this review of the literature, it is evident that while bac- 
teriologists ha-ve suspected the streptococcus as the exciting cause of 
chronic infectious arthritis, there is considerable disagreement among 
them as to which type or types of streptococcus are responsible for the 
disease 

The natural and obvious place to look for the causal agent of chronic 
infectious arthritis is in the joints involved Unfortunately, efforts to 
cultivate bacteria from the joints themselves have not been consistently 
successful 

Rosenow,^^ in 1914, made cultures of the joint fluid in cases of 
chronic infectious arthritis and of the lymph nodes that drained the 
involved joints He stated that in several instances he recovered “Sti ep- 
tococcus vtj idans’^ from both the glands and the joint fluid 

Moon and Edwards,^® in 1917, took cultures from the joints in ten 
cases of chronic infectious arthritis, and recovered a “non-hemolytic 
streptococcus’' in six cases They did not give any further desciiption 
of the streptococci found 

Richards,^^ in 1920, took cultures from the joints in fifty-four cases 
of chronic infectious arthritis, and isolated “Streptococcus vindans” in 
four cases 

Billings, Coleman and Hibbs,^® in 1926, took cultures from the joints 
in fourteen cases of chronic infectious arthritis One yielded a “hemo- 
lytic streptococcus” , five gave either a “non-hemolytic or a green produc- 
ing streptococcus,” and one gave a “mixed streptococcus culture with 
the non-hemolytic predominating ” In six cases the results were nega- 
tive, and in one the observations were not recorded 

12 Small, J C Rheumatic Fever Observations Bearing on the Specificity of 
Streptococcus Cardioarthritidis in Rheumatic Fever and Sydenham’s Chorea, Am 
J M Sc 175 638 (May) 1928 

13 Moon, V H , and Edwards, S H Results of Blood Cultures in Rheu- 
matoid Arthritis, J Infect Dis 21 154, 1917 

14 Richards, J H Bacteriologic Studies in Chronic Arthritis and Chorea, 
J Bacteriol 5 511, 1920 

15 Billings, F , Coleman, G H, and Hibbs, W G Chrome Infectious 
Arthritis Statistical Report with End-Results, J A M A 78 1097 (April 15) 
1922 
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H Wanen Crowe took cultures from the joint tissue of five patients 
suffering from rheumatoid arthritis, and isolated a staphylococcus, 
Mtaococcus defoimans, m four of five instances Control cultures 
from tissue removed from nonarthntic patients did not show this 
organism 

Forkner, Shands and Poston recently took cultures from the joints 
in sixty-three cases of chronic infectious arthritis, recovering organisms 
in fourteen, or 22 per cent Eleven of the joint cultures contained 
“Streptococcus vindans” two yielded gonococcus, and one, Staphylo- 
coccus aureus Cultures of the lymph nodes draining the involved 
joints weie made in twenty-one cases Ten of these cultures weie posi- 
tive, nine showing Sti eptococcus vntdans and one, gonococcus 

During recent years, seveial investigators have studied the bac- 
teriology of the blood in rheumatoid arthritis 

Moon and Edwards,^^ in 1917, using Rosenow’s technic, made blood 
cultures in eighty-three cases of iheumatoid arthritis, and recovered a 
“non-hemolytic sti eptococcus” m eighteen They felt, however, that 
a diphtheroid bacillus, oi B uiucosus-capsulatus, as well as the strepto- 
coccus, could act as the exciting agent in this disease Moon and 
Edwards made no attempt to classify the streptococci which they isolated 
by sugais or immunologic tests Furthermore, they did not report on 
nonrheumatoid conditions 

Richards,^"* in 1920, made blood cultures in cases of chionic arthritis, 
making use of Noi th’s medium Blood cultures were taken in 104 cases 
of chronic infectious arthritis, and fouiteen yielded positive results 
Richards referred to the organism as “Streptococcus vindans“ although 
he remaiked that the character of the giowth was not always typical, 
only three of his strains showing green in the original cultuie 

Hadjopoulos and Embank^® took cultures fiom the blood in 145 
cases of chronic artlii itis and obtained a sti eptococcus in fifteen ( 10 per 
cent) Nine of these stiains produced hemolysis, while six were of the 
vindans type In eight cases a diphtheioid bacillus was obtained, while 
five others showed Staphylococcus aineus Hadjopoulos and Burbank 
do not give the technic employed other than to state that their success 
was due to “neuti ahzation of alexin in the fleshly diawn blood” No 
control cultures weie lepoited These investigatoi s were able to pioduce 
an experimental aithiitis in labbits with their stieptococci 

16 Crowe, H Warren Bacteriology and Surgery of Chronic Infectious 
Arthritis, New York, Oxford University Press, 1927 

17 Forkner, C E , Shands, A R , and Poston, M A Synovial Fluid in 
Chronic Arthritis, Arch Int Med 42 675 (Nov ) 1928 

18 I-Iadjopoulos, L G , and Burbank, R A Preliminary Study Bearing on 
the Specific Causative Factors of Multiple Infective Arthritis, J Bone & Joint 
Surg 9 278 (April) 1927 
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Syranyi and Forro recently took cultuies from the blood in twenty- 
fi\e cases of “polyai thntis” and obtained a streptococcus in 68 per cent 
In nineteen of the cases described as “polyarthiitis with fever,” four- 
teen, or 73 6 per cent, were positive In the remaining six cases in the 
group, leferied to as “polyarthritis without fever,” thiee, or 50 per 
cent, were positive The organism isolated by Syranyi and Forro was 
classified as Sti cptococcns viudans The various stiains differed 
slightly in their reactions on the sugars, but they all fermented sac- 
chaiose, salicin and lactose These investigators did not lepoit any 
experimental work on animals 

H Warren Ciowe^® took cultuies from the urine of patients suf- 
fering fiom rheumatoid arthritis and isolated a staphylococcus, Mtc7 0 - 
cocciis defoj mans, in a high peicentage of cases Micrococcus deformans 
was not found in control cultures He was unable to produce an experi- 
mental arthritis in animals with these staphylococci 

From this brief leview of the liteiature, several conclusions seem 
justified 

1 While the relation of focal infection to chionic infectious arthritis 
is rather generally recognized, there is doubt in the minds of many as 
to whether the joint manifestations are actually metastatic infections or 
whether they aie merely an expression of some toxic influence on the 
joint 

2 In lespect to the bacteiial agent lesponsible for the disease, a 
majority of the investigators look on the streptococcus as the exciting 
cause, but some believe that the staphylococcus, the gonococcus, the 
diphtheioid bacillus or some other micro-organism, as well as the strep- 
tococcus, can produce a deforming arthritis 

3 Even among those investigators who accept the streptococcus as 
a cause of rheumatoid arthritis, there is considerable disagreement as to 
vhich tjpe of stieptococcus is responsible, some consideiing it a Strepto- 
coccus hemolyhcus infection, while others look on the indifferent or the 
green stieptococcus as the causatn'^e agent Another group of writers 
belieies that deforming arthritis can be caused by any of the various 
types of streptococci 

4 A number of workers have found stieptococci in the joints and 
even in the blood stream in cases of chronic infectious arthritis, but the 
results have been inconsistent and uncontrolled 

5 There has been little effort made to study the biologic lelations 
between the streptococci which have been isolated from the blood and 
joints of arthritic patients 

19 Sjran}!, L, and Forro, E Streptokken im Elute mit besonderer Beruck- 
sichtigung der rheumatischen gelenkent Zungung, Klin Wchnschr 7 453, 1928 
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THE PRESENT STUDY 

Two yeais ago the piesent study was initiated in the Cornell Clinic 
hy taking cultures from the tonsils and teeth of patients afflicted with 
chronic infectious aithritis Later on the scope of the study was 
extended, and cultuies weie also taken from the blood and, when pos- 
sible, fiom the joints It is principally with the blood and joint cultures 
that the present lepoit is concerned 

The type of patient in whom we have been paiticulaily interested 
piesents a lathei chaiacteiistic clinical syndrome, namely, a chionic 
polyaithiitis with swelling and often with some defoimity and ankylosis 
of the joints affected In oidei to delineate still more cleaily the type 
of case studied, we submit the following composite pictuie 

The patient, usually of the neurotic type, gives a histoiy of sudden 
or giadual development of pain, stiffness and swelling in several joints 
He often dates the onset of his sj^mptoms to some disturbance in his 
physical equilibiium, such as a trauma, an acute infection, exposure to 
cold 01 a suigical opeiation Occasionally the onset of symptoms dates 
back to an attack of iheumatic fever When the onset is sudden, the 
patient may run an iriegular fever vaiying fiom 99 to 101 F , but when 
the opset is insidious, the tempeiatuie usually remains noimal The 
disease is almost always migiatoiy in its eaily stages, jumping from 
joint to joint much as in iheumatic fevei After seveial attacks, how- 
ever. the joints chiefly affected become peimanently injuied, and the 
piocess assumes a persistent!} chionic couise 

The infection is pi one to make its fiist appearance in the intei- 
phalangeal joints of the hands, fiequently involving also the metacai- 
pophalangeal joints of the foie and middle fingeis The joints 
gradually swell, with little oi no pain, and m the course of time cause 
the fingeis to assume the chai actenstic fusifoim appeal ance The knees 
are involved almost as frequently as the fingeis As the disease advances 
and involves other joints, the patient becomes uncomfortable There is 
consideiable disability, due to pain and stiffness on motion, and often 
there is persistent pain at night which inteifeies with the patient’s sleep 
The muscles become weak from disuse, and undeigo atiophy As a 
lesult, the patient’s capacity foi woik and exeicise is greatly dimin- 
ished Unless the disease is checked in its couise, partial or complete 
ankylosis may occur in one oi moie joints 

On physical examination, the patient with chronic infectious arthii- 
tis piesents a faiily typical pictuie ITe is usually anemic, with a hemo- 
globin of seventy or under If the condition is of long standing, the 
patient often appeals chionically ill and undeinouiished, on the other 
hand, if it is an eaily case, the patient may be well nouiished The hands 
aie cold and clammy and coveicd with peispiiation The swollen fingei 
joints, which aie characteiistic, have on palpation a peculiar doughy or 
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rubber-like consistency, and in some instances the skm overlying the 
joint may become slightly bluish The enlargement of the joint is due 
to the swelling and thickening of the synovial membrane and capsular 
ligaments There is little if any pam on pressure, and only moderate 
pain on movement of the joint In the larger joints, the signs of inflam- 
mation are more marked There is more tenderness on pressure and 
more pain with movement There may be an eifusion of fluid in some 
of the larger joints Of all the large joints, the knees are the most fre- 
quently affected In a well established infection, the ankles, wrists, 
elbows and shoulders are usually implicated The hip joints usually 
escape until late in the disease The intervertebral joints are frequently 
involved, particularly in the ceivical and lumbar regions The temporo- 
maxillary joints are frequently affected 

In the late stages of the disease, that is, after several years duration, 
more or less defoimity and anlcylosis develop, particularly in the hands 
and feet Ulnar deviation of the fingers is a common occurrence 

Infectious arthritis runs a chronic couise, extending over years 
Usually, however, the progress is not continuous, periods of comparative 
comfort alternating with periods of active advance With each attack 
theie IS a tendency for the joints to become progressively stiffer and 
more permanently injured 

Unless the disease is checked, the final stage is that of arthritis 
detormans In the later stages, some of the periarticular swelling may 
disappear, due to the contraction of the fibrous tissue In the joint 
Itself, the granulation tissue becomes converted into adhesions which 
lead to immobilization Late in the disease, bony changes also make 
their appearance With loss of function, muscular atrophy becomes 
more and more pronounced Many of these patients present a pitiful 
picture wtih their conti acted, deformed limbs and marked wasting of 
the muscular tissue Cardiac involvement is rare, even in adi'^anced 
cases 

METHODS 

1 Blood Cultures — The technic employed for blood cultures was an adaptation 
of that recommended by Clawson in his blood culture studies of rheumatic fever 
Twentj cubic centimeters of blood was taken aseptically from the arm with a 
Luer sjringc, placed in two sterile culture tubes and allowed to clot Each tube 
was treated separately in the following w'ay 

The tube was centrifugated, and all the serum drawn off with a sterile pipet 
The clot was then broken up in the original culture tube with a sterile glass tube, 
14 inch (6 35 mm ) m diameter The fragments of clot w ere drawn up m the same 
glass tube, and transferred to a 3 ounce bottle containing 50 cc of beef heart 
infusion broth with a pn oi 7 6 (0 5 per cent sodium chloride, 1 per cent peptone) 
The bottle was then put m the incubator at 37 C and left there unopened for 
file dajs 


20 Claw'son, B J Studies on the Etiologi of Acute Rheumatic Fever, J 
Infect Dis 3G 444 (Maj) 1925 
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At the end of this time, a tube containing 8 cc of a 1 S per cent beef heart 
infusion agar was placed in the water bath and heated until the agar was com- 
pletelj' melted The tube w'as then partially cooled and 0 5 cc of whole rabbit 
blood added to it Finally, the tube was seeded with 0 1 cc of broth from the 
original blood culture, and the contents poured into a petri dish The culture was 
allowed to incubate for from twenty-four to forty-eight hours Similar pour-plate 
cultures were made every three to five days thereafter until the original blood 
culture had been in incubation for thirty days If, at the end of this time, the 
subcultures were still sterile, the sediment in the original blood culture bottle was 
drawn out with a sterile glass tube and centrifugated After centrifugating, part 
of the sediment was e\amincd by means of stained smears, while the remainder 
was cultured, part of it in fresh blood broth and part of it on blood agar plates If 
these final cultures from the sediment showed no growth, the blood culture was 
considered sterile 

All of these cultures and transfers were made under a hood, m order to 
eliminate contaminations as far as possible All contaminated cultures were 
discarded 

When colonies appeared on the plates, they were transferred into blood broth 
and identified by the usual bactcnologic methods 

2 fowl CuHuics — Cultures from joints were made m blood broth from 
sjnovial fluid or sjmovial membrane, or from bony curettings removed from the 
joint at operation When only tissue was available, the material was put in a bot- 
tle containing blood broth and macerated with a glass rod These cultures, like 
the blood cultures, were incubated for several weeks and subcultured from time 
to time 

BLOOD CULTURES 

One or mote blood cultuies wei-e made fiom seventy-eight patients 
with chronic infections arthritis (table 1) For the most part, the 
patients m this senes piesented the clinical pictuie aheady described, 
namely, pain and stillness and usually swelling in several joints In 
rare instances, only one joint was affected at the time the patient came 
under observation, but a careful histoiy bi ought out the fact that other 
joints had previously been involved In addition to pain, stiffness and 
swelling of the joints, most of the patients presented some deformity 
and ankylosis of the joints affected Thnty-six of the seventy-eight 
patients showed one or moic characteristic fusifoim fingeis The ages 
of the patients vaiied fiom 7 to 74 yeais Fifty-nme were under 50 
years of age, while eighteen were 50 or ov^ei The age of one patient 
was not obtained The duiation of the disease vaiied fiom one month 
to thirty-five yeais, but in a majoiity of the cases the disease had 
existed from one to tliiee years at the time the patient came undei 
observation With a few exceptions, the patients weie fiee fiom fever 
at the time cultures weie taken 

In this group of seventy-eight patients, the blood cultuies of foity- 
eight, or 61 5 pei cent, weie found, after vaiying peiiods of incubation, 
to contain a gram-positive micrococcus, gi owing eithei in pairs oi in 
short chains This micro-oi ganism piesented all the moiphologic char- 
acteristics of a stieptococcus (table 2) Some of the patients whose 
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blood cultures yielded this organism on the first culture showed the same 
organism in the blood on the second or even third culture In other 
patients one blood culture was positive while the second was sterile or 
\ ice versa, indicating that the micro-organism was not constantly present 
in the blood stream Most of the cases were ambulatory Compara- 
tively few patients were confined to their beds The impression pre- 
1 ailed that streptococci were more likely to appear in the blood stream 
during an exacerbation of joint symptoms 

The number of cases studied was too small to make any definite 
statement regarding the relationship between Streptococcus bacteremia 
and the duration of the disease, but there appeared to be a higher per- 
centage of positive blood cultures in patients over 50 and in those who 
had had the disease for a number of years One patient (A-94403) 
with a positive blood culture had had joint symptoms for only one 


T \BLE 2 — Sumviaiy of Bacteriologtc ObservaHoiis in Blood Cultures of Patients 

with Chrome Infectious Artlii itis 


'Ijpc of Organism Found 

Number of Cases 

Typical strain (T S ) 

40] 

Streptococcus vlridans (S V ) 

61-48 

Streptococcus nonhemolyticus (S N-H ) 

2J 

Diphtheroid bacillus (D) 

i 

Micrococcus zymogenes (Z) 

2 


month On the other hand, another patient (C-110) had been a sufferer 
from arthritis for thirty-five years The following protocol is a good 
illustration of the type of patient on whom blood cultures have yielded 
streptococci 

A man (C-100), aged 38, came under observation on Jan 18, 1928 Following 
an attack of influenza two years previously, he began to have pain and stiffness 
in the fingers and shoulders Within six months the pain had spread to practically 
every joint in the body and his ankles, knees and fingers had become swollen 
When first seen, the chief symptoms were in the hands and feet, although occasional 
flare-ups occurred in other joints The tonsils had been removed two years before, 
and several abscessed teeth had been extracted 

On ph} sical examination, the patient was found to have several fusiform fingers 
on each hand (fig 1), a stiff neck, swollen ankles and feet and crepitation in the 
knees Otherwise, the results of the physical examination were negative 

On Januarj’’ 19, a blood culture was taken There was no growth after twenty- 
eight dajs of incubation 

On Februarj 2, a second blood culture was taken A streptococcus was 
recovered on the se%enteenth day of incubation 

Chnicalh, this patient presented the typical picture of chronic infectious 
arthritis The second blood culture yielded a streptococcus which on culture 
mediums resembled in some respects Streptococcus ini idans and in others. Strepto- 
coccus hcniolyticus 
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Other Bade? 2 a Isolated F?om Blood Cnltwes — Although some type 
of sti eptococcus has been by fai the most frequent observation m our 
blood cultuie studies, othei bacteiia have occasionally been isolated A 
diphtheioid bacillus was lecoveied from the blood cultures in four 
cases In one of these (A- 19685), a diphtheioid bacillus was isolated 
twice fioni the blood, and cultuies fiom the cloudy fluid obtained fiom 
the knee joint yielded the same oiganism in puie cultuie In another 
case (A-35972), the first blood cultuie showed a sti eptococcus, while 
the second levealed a diphtheroid bacillus in puie cultuie 



Fig 1 — Tjpical fusiform fingers m patient C-100 with chronic infectious 
arthritis A “tvpical strain” of streptococcus was isolated fiom the patient’s 
blood 


In two cases of chronic infectious aithiitis, Mic? ococciis aymoge?ies 
was recovered fiom the blood In one of these (A-7466), the fiist 
blood cultuie showed a sti eptococcus, the second cultuie M 2 e?oeocc 2 {s 
sy? 2 iogenes, while the third culture yielded a streptococcus similar in all 
respects to the sti eptococcus fiist isolated 

Staphyloeoccus alb 2 is was occasionally isolated fiom the blood cul- 
tures, but in view of the frequent occurience of this oigamsm as a con- 
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taminant m blood cultures, we have not been disposed to attach any 
significance to its presence 

Conf} ol Cnltia cs — It seemed important to check these observations 
in the blood of patients with chronic infectious arthiitis by a series of 
blood cultures on patients with various other types of arthritis, on 
patients suffeiing from other infectious diseases, and on normal pei- 
sons Altogether, fifty-four controls were studied by means of blood 
cultLiies, the technic being similar in all lespects to that used on patients 
with chronic infectious arthritis (table 3) 

All the controls yielded sterile blood cultures It is particularly 
interesting to note that seventeen cases of degenerative arthritis showed 
negative results Four cases of gonococcal arthiitis, three of chronic 
myositis and one of Still’s disease showed no bacteremia 


T \BLE 3 — Classification of Patients Studied by Blood Cultuie 



Number of 


Streptococcus 


Cases 


5n Blood 


Cultured 

Total 

Culture 

Chrome infectious Trthntis 

Controls 

78 


78 

48 

Degenerative arthritis 

17 




Gonococcal arthritis 

4 




Rheumatic carditis 

6 




Still’s disease 

1 




Chronic myositis 

3 




Chronic neuritis 

3 




Gout 

1 



0 

Chorea 

2 




Tuberculous adenitis 

2 




Diabetic neuritis 

1 




Convalescent pneumonia 

7 




Iridocyclitis 

1 




Weak foot 

1 




^ormaI persons 

5 





JOINT CULTURES 

In seven cases of chronic infectious arthritis, the oppoitunity 
presented itself for taking intra-vitam cultures directly from one of the 
imolved joints (table 4) In six of the seven cases, synovial membrane 
or bony curettings were available, w^hile in the seventh case cultures 
w'ere taken from the synovial fluid of the knee joint With two excep- 
tions, all the cases fell definitely into the group of chronic infectious 
arthritis 

One exceptional case, D-lOO, was that of a child, 11 jears of age, who developed 
a septic arthritis of the left hip during an attack of pneumonia The hip joint was 
opened and drained After the \vound had healed the patient continued to have 
pain and stiffness in the hip After three years of discomfort and partial anky- 
losis, a reconstruction operation was performed on the left hip joint, and at this 
time cultures were taken from small bits of bonv curettings Streptococcus viri- 
dans was reco^ered from the joint tissue, similar m all respects to that recovered 
from the blood 
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The other exceptional case in this series, A-1936, was that of a man, 32 jears 
of age, who had his knee injured in an automobile accident Shortly afterw'ard, 
stiffness and pain de\ eloped in the knee which had been subjected to trauma No 
other joints e\er became imohed Ph 3 sical examination showed a sw’ollen fluc- 
tuating knee with considerable atrophj of the muscles abo\e and below the joint 
An arthroplastic operation was performed, a piece of sjnoiial membrane w'as 
remoicd and cultures were made A nonhemohtic streptococcus was isolated from 
the culture It is interesting to note that two blood cultures from this patient 
\ielded m each case a pure culture of a diphtheroid bacillus 

In C-100 and C-107, both t\pica! cases of chronic infectious arthritis wnth 
swollen joints and fusiform fingers S 3 noMal membrane w'as remo%ed from one 
of the fusilorm finger joints and cultures were made In both instances the cul- 
tures were negatnc lor streptococci though both patients had showm streptococci 
in blood cultures Perhaps the fact that the material in these two cases was rather 
scant> was responsible for the negatnc results obtained 

A woman (C-121), aged 37, had had p<ain and swelling of both knees for eight 
>cars She also had pain in the left hip and lumbosacral region of four 3 ears’ 


T \BLE 4 — Rcstilts of Ctdlutc; froii, foittls of Patients 101 th Chionic Aithutis* 


Xo of 



Organism Recovered 

Organism Recovered 

Ca'es 

Matc'isl Ci’ltjrcd 


from Joint 

from Blood 

Rica 

Curettinpe from hip joint 


Streptococcus (T S ) 

Streptococcus (T S ) 

P-KO 

Curettincs from hip joint 


Streptococcus viridnns 

Streptococcus vindans 

A-IKO 

Synovial iremb’-ano from 
Joint 

'^vnovlal membrane and 
from knee joint 

knee 

Streptococcus (S K-H ) 

Diphtheroid bacillus 

Algro 

fluid 

Diphtlicroid bacillus 

Diphtheroid bacillus 

C-iri7 

Smoilnl membrane from 
form finper joint 

fusi- 

No growth 

Streptococcus (T S ) 

C-lco 

Sinoilal membr me from 
form llncce joint 

fust 

No groTvtb 

Streptococcus (T S ) 

C-121 

Synovial fluid from kne-r 

joint 

Streptococcus (T S ) 

No growth 


• — tiplcnl strain S ^-Ir = Streptococcus noiilicmolrticus 


duration For mani ,.cars she had suffered from frequent sore throat Plnsical 
examination shoved swollen knees due to thickened sinoiial membrane and 
increase 01 s\noMal fluid The remainder of her joints seemed free from disease 
at the time of cxaminition Fluid from the knee joint aiclded a streptococcus 
Tvo blood cultures were sterile 

A man ( \-19685), aged 28, suffered from chronic infectious arthritis iinohing 
the toes, anllcs, knees, spine and sacro-ihac joints of tour \ cars' duration Plns- 
ical examination showed .1 considerabh swollen right knee, held in partial flexion 
The right anile was al=o swollen, v itli limited motion The other joints showed no 
morbid changes \n arthroplastic operation was performed on the right knee, 
and cultures were taken from the s^rioiial membrane and fluid A diphtheroid 
bacillus V as i-olated in pure culture from the s 3 no\ial membrane, and a blood 
culture vas taken before the operation 3 ielded the same organism 

A man (R-101), aged 01, presented the most interesting case in this scries of 
patients subjected to joint cultures He giac a histor 3 of pain and disabiht 3 of 
both hips of ten 3 cars’ dur.ition Plnsical examination showed that the left hip 
vas ankelosed in a flexed position Ihc right hip had considerable limitation of 
motion, but vas not anHloscd \ roentgenogram of the hip joints showed marked 
distortion and flattening of the head of the left femur, with obliteration of the 
intcrarticular space The right side showed the came process but less advanced 
The patient Ind one absccs<cd tooth, and following its extraction, he developed 





5S6 


ARCHIVES OF INTERNAL MEDICINE 


pain and swelling of the left w'rist An arthroplastic operation was performed 
on the left hip, and cultures were made from some of the bon}-^ curettings A 
streptococcus was recoiered after thirteen dajs of incubation 

Cultures were made from the abscessed tooth and the patient’s blood From 
both sources there were cultivated streptococci, wdiich were culturally and 
biologically identical with the organism recovered from the hip joint 

The organism isolated from the bony curettings of the hip joint was injected 
into a rabbit (table 8, rabbit 1) A chronic arthritis was produced, and at 
autopsy blood cultures from the rabbit yielded the same organism in pure culture 

Summarizing the seven cases of infectious arthritis in which cultures 
were obtained from arthritic joints, five of the seven yielded positive 
joint cultures Four of the five positive cultuies showed a strepto- 
coccus Two of these streptococcal stiains presented the appearance of 
hemotytic streptococci and were culturally similar to the type of strep- 
tococcus obtained in the majority of the blood cultures The third 
strain was Sti eptococcus viudans and the fourth strain a nonhemolytic 
streptococcus In one case, cultures from the joints yielded a pure 
growth of diphtheroid bacillus It is significant that in foui of the five 
cases w'lth positive cultuies from the joints, an organism identical in 
every w'ay with the one isolated from the joint was also recovered from 
the blood 

CULTLRAL AND BIOLOGIC CHARACTERISTICS OF THE STREPTOCOCCI 
ISOLATED FROM BLOOD AND JOINT CULTURES 

On culture mediums, the stieptococci which have been isolated from 
the blood and joints of patients with chronic infectious arthritis can be 
readily differentiated into three groups (1) a streptococcus which 
presents the appeal ance of an attenuated Streptococcus hemolyHcus, 
(2) Sti eptococcus viudans, (3) Sti eptococcus nonhemolyticus, or the 
so-called indiffeient streptococcus All of these streptococci have one 
featuie in common, that is, their very slow growth in the oiigmal blood 
culture broth flasks The average time of appearance of these strepto- 
cocci as tested by frequent subcultuies was approximately fifteen days 
In some instances the flask had been in the incubator for thirty days 
before streptococci could be demonstiated On the other hand, there 
w^ere exceptional instances in which stieptococci were isolated after four 
or five days of incubation In a number of cases, when the original 
flask had sliowm no growth after thirty days of incubation, stained 
smears from the centrifugated sediment showed streptococci, and cul- 
tures taken from this sediment yielded stieptococci 

In contrast to the original cultures, subcultures grew readily on the 
usual laborator}^ mediums On blood agar plates, both superficial and 
deep colonies were usually recognizable after twenty-four hours of incu- 
bation Subcultures in plain broth showed an abundant growth after 
tw ent}’--four hours 
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1 The t}pe of sti eptococcus which has been encountered most 
frequentl} in the blood cultuies is the organism designated as the “typical 
strain” It appeals to be an attenuated Sh eptococcus hemolyhcus In 
the fort 3 ^-eight patients whose blood cultuies yielded streptococci, foity, 
or 83 3 per cent, fell into this group Of the four strains of strepto- 
coccus isolated from arthiitic joints, two fell into this group 



Fig 2 — Smear from twenty-four hour broth culture of “tjpical strain” of 
streptococcus (no B-30) isolated from blood culture of patient R-101 Methylene 
blue stain , approximately X 1000 

Morphologically, the “typical stiain” is a very small giam-positive 
coccus, round or slightly oval, which m liquid mediums forms chains of 
from four to twenty cocci (fig 2) On solid mediums, the chains are 
shorter On blood agar plates, the colonies of this oiganism piesent a 
characteiistic appearance After twenty-foui houis’ incubation, deep 
colonies appeal as minute, biconvex, giayish colonies suiiounded by a 
hazy zone of hemolysis The hemolytic zone is neither as clear nor as 
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\Mde as that of a typical Sh eptococciis hemolyhciis colony (fig 3) 
Under the microscope, a small number of red blood cells can be seen 
throughout the hemol}tic zone surioundmg the colony Theie is also a 
small amount of methemoglobm formation visible 



Fig 3 — Deep colonies of “t 3 pical strain” of streptococcus number B-30 in a 
t\\ cntj -four hour blood-agar plate culture , approximately X 40 


Superficial colonies on blood agai plates are round, gray, flatly con- 
^ex, nith dull rough surfaces B) transmitted light, the superficial 
colon} (fig 4) IS also surrounded by some hemolysis, but the colony and 
the sui rounding zone ha3e a slight but definite gieenish tinge The 
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superficial colonies are some^^ hat friable under the needle When they 
are remo\ed, the agai underneath is inaiked by a few specks of green 
pigment 

In blood broth, this organism grows leadily with the production of 
a heavy granular and sometimes flocculent sediment, with slight turbidity 
of the medium After twent} -four hoiii s’ incubation, a zone of hemolysis 
about 1 cm m depth appears at the bottom of the tube Complete 
hemolysis of the blood cells never occurs duiing the first twenty-four 
hours of incubation, but may take place after several days of incubation 
Blood broth cultures show little, if any, gieen discoloiation This oigan- 
ism grows readil}'- in plain broth, producing a considerable amount of 
sediment, and throughout the medium a heavy granular giowth which 
tends to adhere to the sides of the tube 

All the “tjpical strains” weie insoluble in bile 

2 In a second but much smaller group of patients with chronic 
infectious arthritis, cultuies from the blood and joints yielded a type 
of streptococcus which differed both cultuially and biologically from 
the typical stiain just described Altogether, the blood cultuies fiom 
SIX patients revealed a sti eptococcus which on blood agai plates pro- 
duced colonies suiiounded by zones of methemoglobin and which cor- 
lesponded m all lespects with the organism usually referied to as 
Sti cplococcus viiidans St) cptococcii^ vmdans was also recovered 
from one of the joint cultures 

^lorphologically, these green stieptococci resemble the “typical 
strain” in being small, but in liquid mediums they tend to grow in much 
longer chains On blood agar plates the colonies present the usual 
characteristic appearance, small, gray, opaque colonies surrounded by a 
light greenish zone In blood bioth these stieptococci produce a 
luxuriant growth which tends to settle to the bottom of the tube, leav- 
ing the supei natant fluid diffusely cloudy The broth takes on a slightly 
greenish tinge, but theie is no hemolysis The giowth in plain bioth 
resembles that in blood bioth 

3 In thiee patients an indifteient sti eptococcus which produced 
no change on blood agai plates was isolated In cases A- 19244 and 
R-105, this organism was recovered fiom the blood, while in the third 
patient (A-1936) the streptococcus was isolated in pure culture from 
the knee joint Strangely enough, the blood culture from the lattei 
patient shoi\ed no streptococci, but diphtheioid bacilli 

These strains of indifferent streptococci form small opaque red- 
broiMi colonies on blood agai, and resemble the sti eptococcus described 
by Small and by Birkhaug in their studies on the etiology of rheu- 

21 Birkaug, K E Rheumatic Fever Bacteriologic Studies of a Non- 
^Methemoglobm-rorming Streptococcus with Special Reference to Its Soluble 
Toxin Production, J Infect Dis 40 549 (Ma\ ) 1927 
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malic fcACi This oiganism has been lefeiied to by Small as Stiepto- 
coccus cm dio-m ihuUdn It should be noted that none of these thiee 
patients gave a histoiy of iheumatic fevei, noi did then aitluitic 
manifestations lesemble those of iheumatic fever 

T \BLK 5 — Fcnitcntatwns RcactioiiK aitd Soluhthtv vi Bile of St) cpiococcal 

Stiaiw! ’ 
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indicates 

no solubility 











Sugm 

Fct uicntahons — 

-Sugai 

f Cl mentations 

weie 

earned 

out on 

thirty-six 

of the 

so-called 

‘hypical stiains,” 

on 

foul of St) eptococcus 

viiidans stiains. 

and 

on thiee of the indiffeient 

sti ains 

Tests 

on five 


sugars weie peifoimed by tivo different methods at diffcicnt times 
(table 5) In May, 1928, siigai-fiee bioth was employed as a medium, 
while m November, Hiss’ seium watei medium was used In both 
cases, litmus was added as an indicatoi In both senes. 0 1 cc of a 
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10 per cent solution of one of the sugars was added to each tube of 
culture medium At the time of the test, 0 1 cc of a twenty-four houi 
sugar-free bioth culture of streptococcus was added to each tube of 
suear medium The fermentation tubes were then allowed to incubate 
for se\en days, and leadings weie made 

As ^^lll be seen m table 5, all of the “typical stiains” with one 
exception acted unifoimly on the sugars, fermenting dextose, lactose 
and salicin, and having no effect on muhn and mannite The excep- 
tional strain (B-46) fermented muhn and mannite as well as the other 
sugais This strain was isolated from the blood of a patient with high 
fe^er and a fulminating infection This organism on culture mediums 
falls m the typical group, but according to the fermentation and 
agglutination tests, it is biologically independent With this one excep- 
tion, the sugai reactions foi the typical strains were strikingly unifoim 
Furthermore, the reactions obtained m November were entirely con- 
sistent with those obtained six months earlier 

Foui of the Sti cpfococais vuidans strains weie tested on the sugars 
(table 5) All of the foui strains fermented dextiose, lactose and 
salicin Three of the four fermented mannite They had no effect on 
muhn 

The three strains of Sti eptococcns nonhemolyhcus feimented raan- 
nite, dextiose, lactose and salicin Two of the three fermented muhn 

Aciglutinatwn Reactions — In older to determine whether there was 
any biologic relationship between the streptococci which had been 
isolated fiom the blood and the joints of patients with chionic infectious 
ailhntis, cioss-agglutination tests were made with fifty strains (table 6) 
Rabbits were immunized against nine streptococci, seven of these being 
“tjpical stiains” and the othei two, Sti eptococcns vuidans The 
agglutination tests w^ere earned out as follow’^s 

A tvent 3 ’’-four hour broth culture of streptococcus was killed by heating the 
culture at 56 C for one hour The sediment from 10 cc of the killed culture was 
then injected mtraienoush into a large rabbit These injections of killed strep- 
tococci were repeated at fi\e dav intervals for six weeks Ten days after the 
last injection, the rabbit was bled and the serum tested for agglutinins If the 
rabbit serum did not show' an agglutination titer of at least 1 1,280 against the 
homologous streptococcus, the rabbit w'as given further injections of killed 
organisms 

The antigens for the agglutination tests w'ere prepared by growing the strepto- 
cocci in potato broth for eighteen hours Bj using this medium, a diffuse growth 
was obtained in the majority of cases In the case of those strains that gave a 
granular growth m potato broth, a diffuse growth w'as obtained by transplanting 
the culture se\eral times in plain broth before cultivating them in the potato broth 
Before performing the tests the potato broth cultures w'ere shaken vigorously for 
a minute or two, and then allow'ed to stand for a half hour The upper portion of 
the culture was then remoied for the agglutination test, 0 5 cc of the antigen was 
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mixed with 0 5 cc of the various dilutions of immune rabbit scrum The agglutina- 
tions verc earned out to a titer of 1 1,280 

As controls, rabbit scrum withdrawn before immunization was tested against 
the streptococci Another control consisted of 0 5 cc of stenle broth and 0 5 cc 
ol the culture The agglutination tubes were left for two hours in the water bath 


T \i!Li 6 — Tiici of Agghttinahon Reactions ivith Sciuiiik of Rabbits Immunized 
Iqainst Seven “Tyj'tcaH Sti eftococcus Stiains and Tzvo Sti cptococcuz 

T'lndam Sit aim 



Scrum 

Strum 

Scnim 

Scrum 

Serum 

Scrum 

Seram 

Serum 

Serum 


TS 

TS 

TS 

'TS 

TS 

TS 

TS 

S V 

S V 

Organi'^ms 

B2 

B 3 

B-C 

B-IS 

B22 

B-27 

1:28 

B 3G 

B-17 

TS * B 1 

1,280 

1,280 

1 2=0 

1280 

1,280 

1,280 

1,280 

0 

20 

TS n2 

1 280 

1,2=0 

1,280 

1,280 

1 280 

1,2=0 

1,250 

0 

0 

TS B2' 

1,280 

1 2-0 

1,280 

1 280 

1,280 

1,280 

1,280 

0 

20 

TS B-S 

1,280 

1,280 

1 280 

1,280 

1,280 

1,280 

1,280 

0 

20 

TS B-. 

1 2'0 

1,2=0 

1,280 

1,280 

1,280 

1,280 

1,280 

0 

SO 

TS B-C 

1 2S0 

1,280 

1,280 

1 2=0 

1 280 

1,280 

1,280 

0 

20 

TS B-C 

1 2S0 

1 250 

1,250 

1,280 

1,2:0 

1,280 

1,280 

0 

0 

TS B7 

1 2'0 

1 280 

1,2=0 

1,280 

1,280 

1,280 

1,280 

20 

0 

TS B 0 

I,2SO 

1.280 

1,280 

1,280 

1,280 

1,280 

1,280 

20 

0 

TS BIO 

1,280 

1,280 

1,2:0 

1,280 

1,280 

1,280 

1,280 

0 

0 

TS Bll 

1,280 

1,280 

1,2=0 

1,280 

1,^0 

1,280 

1,280 

0 

20 

TS B12 

1 2^0 

1,2=0 

1,280 

1,280 

1,280 

1,280 

1,280 

20 

0 

T S B 12' 

1,2=0 

1,280 

1 280 

1,280 

1,2=0 

1,280 

1,280 

20 

20 

T'^ B n 

1 2=0 

1 280 

1,2=0 

1,280 

1,280 

1,280 

1,280 

20 

20 

T‘' B-14 

1,280 

1 250 

1,280 

1,280 

1,280 

1,280 

1,2=0 

10 

20 

TS B15 

1,280 

1,280 

1,280 

1,280 

1,280 

1,280 

1,280 

0 

0 

TS BIG 

1,280 

1,280 

1,280 

1,280 

1,280 

1,280 

1,280 

20 

20 

TS B-17 

1 2'0 

1 2-0 

1,280 

1,280 

1,280 

1,280 

1,280 

0 

0 

TS BIS 

1,280 

1,280 

1 2S0 

1,280 

1,280 

1,280 

1,280 

20 

10 

TS Bio 

1 2i0 

1 280 

1,2=0 

1,280 

1,280 

1,280 

1,280 

0 

0 

J"* B21 

1 250 

1 280 

1 2=0 

1,280 

1,280 

1,280 

1,2=0 

0 

10 

T S B 22 

1,280 

1,2=0 

1 280 

1,280 

1,280 

1,280 

1,280 

20 

0 

TS B23 

1 2=0 

1,2-0 

1 2-0 

1,2=0 

1,28) 

1,280 

1,280 

20 

0 

TS B2i 

1 2=0 

1,280 

1,280 

1,280 

1,280 

1,280 

1,280 

SO 

0 

TS B2r. 

1 280 

1 2=0 

1,280 

l,2i-0 

1,280 

1,280 

1,280 

10 

0 

TS B27 

1 2=0 

1,2-0 

1,2=0 

1,280 

1,280 

1,280 

1,280 

80 

20 

TS B2S 

1,280 

l.iSO 

1,280 

1,280 

1,280 

1,280 

1,280 

0 

0 

TS ], 2s 

1,2'0 

1,280 

1,2=0 

1,280 

1,280 

1,280 

1,280 

0 

0 

T S 1 2S 

SO 

100 

ICO 

ICO 

ICO 

80 

10 

10 

0 

TS BCO 

1,2-0 

1,2-0 

1,250 

1,280 

1,280 

1,280 

1,280 

10 

0 

TS J-CO 

1 2=0 

1,280 

1,280 

1,280 

1,2=0 

1,280 

1,280 

0 

0 

T S 7 e ,/! 

1 250 

1,280 

1,280 

1,280 

1,280 

1,280 

1,280 

20 

0 

TS B-!0 

1 2=0 


1,280 



1,‘2S0 

1,2=0 

10 

20 

TS B-10' 

1 280 

1,2=0 

1,2:0 

1,280 

1.2S0 

1,280 

1,280 

20 

20 

TS B-10" 

1 2 0 

1 2=0 

1,280 

1,280 

1,280 

1,280 

1,280 

0 

20 

TS 'I'-JO 

20 

CIO 

320 

CIO 

CIO 

320 



10 

TS B-11 

1 2-0 

1,280 

1,280 

1,280 

1,280 

1,250 

1,280 

0 

SO 

'J s B-n 

1 280 

1,280 

1,2=0 

1,280 

1 280 

1,280 

1,280 

SO 

0 

'1 s B-tl 

1,280 

1,280 

1,280 

1,280 

1,2-0 

1,280 

1,280 

20 

40 

TS B-IS 

1,280 

1,280 

1,280 

1,280 

1,2=0 

1,280 

1,280 

0 

20 

'IS 1 ! 







1,280 



'1' S B 

SO 

SO 

80 

SO 

SO 

SO 



80 

'1 S B-lf. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SV B-17 

20 

20 

to 

10 

SO 

20 

20 

20 

1,280 

S V T 17 

20 

40 

20 

80 

60 

10 

20 

SO 

1,280 

SV BCG 

20 

SO 

iO 

SO 

10 

40 

0 

1,280 

CIO 

.SV B-15 

20 

&> 

20 

80 

SO 

40 

20 

ICO 

20 

Sk B-19 

10 

so 

100 

ICO 

ICO 

40 

40 

320 

ICO 

SK-n B3-. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

S MI B 30 







0 



Controls 










S V 

40 

S'! 

20 

10 

10 

20 

20 

SO 

SO 

s H 

0 

0 

0 

0 

0 

0 

0 

0 

0 

SN-II 

0 

0 

0 

0 

0 

0 

0 

0 

0 


* TS == “t>plcnl Btrntn”, S V r= Streptococcus viriduns, S ^-U = Sticptococcus non 
licmoljtlcus 

lor the ngRiutInntton tc«ts, the following dilutions of scrums vero used 1 20, 1 40, 1 80, 
1 ICO, 1 320 1 0-10, 1 1,280 Tlic ligurcs in tlio tntolo indicate the limit of agglutination with 
thc'-e dilutions, 0 = no agglutination 

'J'lie controls uerc stock cultures of streptococci obtained from sources other than artliritis 
B = blood, J = joint, T = ton=iI, ae = 'loetli, 1 = eijthcmn bullosa 
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at 56 C Tlle^ nere then placed in the refrigerator and readings were made the 
following morning 

Cross-agglutination tests weie earned out with the nine immune 
serums, testing them against forty-thiee of the “t 3 ^pical strains” and 
seven of the atypical stiains As will be seen in table 6, thirty-seven of 
the forty-three “typical strains” were agglutinated in dilutions as high 
as 1 1,280 by all seven of the serums of rabbits immunized against the 
“typical strain ” One stiain (B-32) agglutinated only to a dilution of 
1 SO and one strain (B-46) did not agglutinate with any of the immune 
serums As pointed out under the fei mentation tests, strain B-46 was 
isolated from the blood stream of a patient with septic arthritis 
This organism showed no biologic relationship to the other typical 
strains Two strains, T-28 and T-40, weie isolated fiom excised ton- 
sils and were agglutinated by the immune seiums of typical strains as 
high as 1 160 and 1 640, respectively 

One of the most interesting facts brought out by these agglutination 
reactions u as the close biologic relationship between the “typical strains” 
isolated from the different foci in the same patient For example, B-28 
was lecOAeied from the blood stream, E-28 from an eiythematous bulla 
and T-28 fiom the center of an excised tonsil of the same patient 
These three stiains, cultuialty identical, were agglutinated by all the 
antiserums of the tvpical stiains B-30 was isolated from the blood, 
T-30 from a joint and Te-30 fiom a root abscess in the same patient 
All thiee stiains showed high agglutination with the antiserums of the 
t 3 ’^pical strains of stieptococci B-40 was isolated from the blood and 
T-40 fiom the tonsils of the same patient Both strains showed high 
agglutination n ith the antiserums of the typical strains When repeated 
blood ciiltuies on the same patient showed streptococci, these strepto- 
cocci weie agglutinated eqiialty well by the immune serums 

In contiast to the high agglutinations with the serums of typical 
strains, the t 3 pical strains showed little or no agglutination with the two 
Si} cptococcns z'uidans serums Furthermore, SU eptococcus viudans 
strains showed little or no agglutination with the serums of the seven 
t 3 pical strains The 3 ’’ naturall 3 '' gave high agglutination readings with 
the homologous Sf) cpfococcus vuidans serums 

The tno strains of St) cptococais nonhemolyhcus (B-35) and (B-50) 
showed little or no agglutination with either the seiums of typical strains 
or the serums of Sti cpfococcus vuidans stiains 

In addition to these tests, the nine immune seiums were tested 
against three control stiains of stieptococci The control Sti eptococciis 
vtiidans and the contiol Sii eptococciis hemolyticns strains had both 
been isolated from the sputum of patients who showed no S 3 TOptoms 
of arthritis (Sfi cpfocoi ciis nonhemolyticus was supplied to us bv Dr 
Tames Small of Philadelphia ) All of the immune serums produced a 
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slight agglutination of the control Sti cptococcus viiidans, but had no 
effect whateACi on eithei Sf) cpfococats hemolyticus or Sti eptococcus 
nonhcmolyticns 

Absoipfion Tests — Absoiption tests ^^ele earned out with three of 
the t}pical strain serums against fifteen of the typical strains and two 
Sti cptococcus viudans stiains as follows 

The sediment from 50 cc of a twentj-four hour broth culture of streptococcus 
was mixed with a 1 4 dilution of the immune scrum The mixture was shaken 
for three minutes and put in the water bath for two hours at 37 C It w'as then 
allowed to stand in the icebox o\cr night In the morning, the mixture was 
centrifugated and the supernatant serum remoied Agglutination tests w'ere set up 
in the same dilutions as those used in the original agglutination tests Controls 


T \BLi: 7 — Absoiplion Tests 


DopTCC of Agclutinntton of Strcptoroccnl Strains with Scrums from Three Immunized 
Rabbitc before md after Absorption of Vcslutlntns 



Stnln K-0 


Strain B 2 


Strain E 28 




Unab 



Unab- 

Unab- 


Antigen 

\bsorbcd 

sorbed 


Absorbed 

sorbed 


Absorbed sorbed 


IXpIcnl 

Immune 

Immune 

Normal 

Immune 

Iininunc 

Normal 

Immune Immune 

Normal 

‘Rnins 

Scrum 

Senim 

Scrum 

Scrum 

Scrum 

Serum 

Scrum Scrum 

Serum 

B,C 

0 

1,2S0 

0 

0 

1,280 

0 

0 1,2^0 

0 

P 2 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

1 2' 

0 

1 2^0 

0 

0 

1,280 

0 

0 1,280 

0 

B 22 

0 

1 2SO 

0 

20 

1,280 

0 

0 1,2S0 

0 

Bio 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

B^ 

0 

1,280 

0 

0 

1,280 

0 

0 1,230 

0 

B 13 

0 

1,280 

0 

0 

1,2=0 

0 

20 1,2S0 

0 

BO 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

B30 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

B-21 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

B-17 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

B-2j 

0 

1,250 

0 

0 

l.fBO 

1,280 

0 

20 1,280 

0 

E27 

0 

1 280 

0 

0 

0 

0 1,280 

0 

n-14 

0 

1,280 

0 

0 

1,280 

0 

0 1,280 

0 

Bll 

0 

1,280 

0 

0 

1,280 

0 

20 1,280 

0 

arop vJr 

Elrains 








E-m 




•iO 

30 

0 


0 

B-i7 

40 

40 

0 

40 

40 

0 




In the uliEorption tests, the following dilutions of serums were used for the aKelutina- 
tion rc ictions l 20 l to l 80, l ICO l *520 l CIO, l 1,280 The flBures in the table indicate the 
limit of !f.(:liitinntIon witli tlic'c dilutions, 0 = no agglutination 


w’cre carried out with unabsorbed serum and normal rabbit serum All the tubes 
were put in the water bath at 56 C for tw'o hours, then in the icebox over night 
Readings were made on the following morning 

As w’lll lie seen in table 7, theie tvas almost complete absorption by 
all the fifteen ttpical strains In tests foi Sti cptococcus viudans, the 
readings were the same as befoie the absoiption tests w^eie pei formed 


RELMION or STREPTOCOCCI RECOVERED EROM THE BLOOD TO 
STREPTOCOCCI ISOLATED EROAI JOINTS AND FROM 
roci or INFECTION 

An interesting phase of this investigation has been the coi relation 
of the streptococci isolated fiom the blood wnth streptococci cultivated 
from the joints and fiom vaiioiis foci of infection Seveial cases will 
noiv be cited 
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A man (A-11301), aged 49, had pain and stiffness in the feet, knees, right 
elbow, shoulders and back of two j ears’ duration The results of phj'sical exami- 
nation of the joints w'ere essentially negative The tonsils were moderate!} 
enlarged and infected Cultures were made from the patient’s blood on three 
different occasions, and each time a streptococcus of the t}pical strain was isolated 
in pure culture All three strains were biologically identical A streptococcus 
recoiered from the excised tonsils w'as culturally similar to the streptococcus 
isolated from the blood, and it was agglutinated by serums of “typical strains” in 
dilution as high as 1 640 (table 5, B-40, B-40', B-40'' T-40) 

A woman (A-94403), aged 23, gave a history of pain and swelling of the knees 
and fingers, of one month’s duration Physical examination revealed an early case 
of chronic infectious arthritis with beginning fusiform fingers Both knees were 
slightly swollen and tender The patient had numerous erjthematous bullae on 
both legs The tonsils \vere small, crvptic and diseased Cultures were made from 
the patient’s blood, from the excised tonsils and from fluid aspirated from the 
bullae From each source a streptococcus of the “typical strain” was isolated, and 
all three strains w'ere morphologically and culturally identical (table 6, B-28, E-28 
T-28) The streptococcus isolated from the tonsils was agglutinated by serums of 
“typical strains” as high as 1 160 The streptococcus isolated from the bullae was 
agglutinated by the serums of typical strains as high as 1 1,280 

In case R-101 (complete protocol in section on joint cultures) there were 
“typical strains” of streptococcus in cultures from the blood, from the hip joints 
and from a root abscess The streptococci from all three sources were agglutinated 
by serums of typical strains as high as 1 1,280 (table 6, B-30, J-30, Te-30) 

These three protocols furnish evidence that in patients with chionic 
infectious arthritis, foci of infection may harbor a streptococcus cul- 
turally and biologically identical with the strain of streptococcus isolated 
from the blood oi joint Comparatively little attention has been devoted 
to this phase of our problem, but we hope to investigate it more thor- 
oughly in the futuie 

EXPERIMENTAL ARTHRITIS 

Several of the strains of streptococcus which have been isolated 
from the blood and joints of patients with chronic infectious arthritis 
have been injected into various laboratory animals with the idea of 
determining the virulence of these organisms and also their capacity to 
pioduce an experimental arthritis The typical strains differ somewhat 
in their viiulence for mice, some killing a mouse in doses of 0 5 cc of 
broth culture, while otheis produced little or no effect The typical 
strain is fairly virulent for labbits, 5 cc of broth culture intravenously 
usually kills the animal in forty-eight hours On the other hand, doses 
as large as 10 cc intra\ enously produce no symptoms in a ringtail or a 
rhesus monkey 

B.\peumental Aithiitis — Eleven rabbits were given intravenous 
injections of streptococci which had been isolated from the blood of 
patients with arthiitis (table 8) Ten of these received some one of the 
tjpical strains, and the eleienth received Sti eptococcus vindans Of 
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the elc\en rabbits, se\en de^ eloped arthritis in one or more joints, while 
the remaining four failed to show S 3 fmptoms (table 8) 

The usual mode of procedure was as follows 

A broth cultuie of streptococcus was centiifugated and the sedi- 
ment resuspended to the original concenti ation in saline The initial 
dose uas from 0 5 to 1 cc intravenousl}' Injections were repeated at 
mter^ als of from three to five da}^ the dose being increased each time 
The maximum dose was 5 cc In none of the rabbits were symptoms 
noted after the first or second injections S}mptoms m the joints 
usually appeared after the fifth or sixth injection, m one rabbit, bow- 
er er, arthritis did not appeal until after the seventeenth injection 

The only abnormal signs noted in the afifected rabbits were limping 
and loss of weight On examination, the affected joints were swollen 
and tender Various joints were involved Because of the fiequent 
imohement of the mterphalangeal joints of man, it was particularly 
interesting to note the frequent involvement of the intei phalangeal joints 
of the labbits One or both elbows were involved in all seven cases, 
the knees in tuo cases and the wrist in two cases The shoulder joint 
was imohed only once 

Six of the seren rabbits erentually died after running a course of 
from trr o and one half to nine months The remaining rabbit recovered 
completel} from the disease in spite of repeated injections of strepto- 
cocci 

At autops), all the rabbits were found to have lost considerable 
weight The affected joints w^ere sivollen, and, \vhen the joints were 
opened a shghll} cloud} mucoid fluid presented itself The peiiarticu- 
lar tissues appeal ed thicker than normal, and the synovial membrane was 
congested The internal organs appeared normal The condition of 
the heait was noted paiticularh with regard to vegetatne endocarditis 
Xo vegetations w^ere obsened in an} of the rabbits 

Bactenologic study of these aithritic rabbits resulted in observations 
similar to those obtained in the human patient Blood cultures were 
taken of six of the affected rabbits, and in five of the six animals a 
streptococcus morphologically and culturally identical with the organism 
injected was recoveied from the blood The blood cultures vv’^ere taken 
from five to thirt} da}s after the last intravenous injection of strepto- 
cocci One rabbit (no 2) showed a positive blood culture thirty days 
after the last intravenous injection The organism did not appear in the 
blood c ilture flasks until alter ten days of incubation 

In live of the seven rabbits with arthritis, fluid from one of the 
affected loints was cultured and a streptococcus morphologically and 
cultuiallv identical with the oiganism injected was recovered from the 
sv nov lal fluid in four cases 
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Micioscopic sections thiongh the aftected joints piesented a variable 
pictuie, depending on the diiiation of the arthiitis In cases of only a 
few weeks’ duiation, the inteiaiticular space contains mucus and broken- 
down cells and sometimes a consideiable number of leukocytes There 
may be some supeificial neciosis of the caitilage, and the synovial mem- 
biane is thickened and infiltiated with ‘ leukocytes and plasma cells 
Many laige endothelial cells aie noticed Rabbits in which the arthiitis 
has existed for se\eial months show changes of a moie chronic nature 
Theie is less exudate m the joint carity, and the synovial membrane 
takes on the appeal ance of chionic gianulation tissue, the deeper pait 
being composed of newly foimed connective tissue, and the superficial 
part iich in cellular elements The leukocytes aie mostly lymphoid and 
plasma cells, together with a laige number of maciophages, which 
appeal to be undei going tiansition into fibi oblasts 

Summarizing the pathologic changes m these joints, it may be said 
that in the experimental aithiitis pioduced by the typical human stiain 
of stieptococcus, the histologic sections show a gradual tiansition fiom 
a stage of faiily acute infiammation to a subacute oi chionic condition 
with consideiable new foimation of fibious tissue 

When sections fiom one of the aftected joints of a labbit with 
chionic aithiitis (fig 5) are compared with sections fiom a fusiform 
finger in man (fig 6), a striking similaiity is seen m the two pictures 
Indeed, without some method of identification, it would be impossible to 
tell which section came fiom the labbit and which fiom the human 
lesion 

The following piotocols illustiate the pathologic changes in a rabbit 
with experimental aithritis and in a patient with chronic infectious 
arthiitis 

A belgian hare, rabbit 1, weighing 2,265 Gm , was injected intravenously twice 
Meekly (No\ 24, 1927, to Alarcli 1, 1928) with brotli cultures of a “typical <:train’’ 
of streptococcus isolated from the bony curettings of the patient in case R-101 
(sec protocol under joint cultures) The dose of culture ranged from 0 5 to 2 cc 
Ihe animal gradually lost weight, and on Jan 23, 1928, the first symptoms of 
arthritis were noted m the knees Thej" were slightly swollen, and the animal 
limped On February 22, the elbows became swollen, the right more than the left 
The condition of the knees gradually cleared up, and at the time of death on 
klarch 30, they did not sho\v anj swelling 

At autopsy, the elbows were both distinctly swollen, but theie was no definite 
evidence of arthritis m any other joint The internal organs were entirely negative 
The heart showed no pathologic changes Blood taken from the heart shortly 
before the death of the animal gave a positive culture of a typical strain of strep 
tococcus identical with the one injected The joint culture was negative 

Microscopic sections through one of the elbows showed the following changes 
(fig 5) The synovial membrane was considerably thickened and presented the 
appearance of chronic mfiammatory tissue The endothelial lining had been almost 
completely replaced by a thin layer of necrotic tissue, which at some points con- 
tained numerous leukocytes, mostly of the lymphoid type Beneatli the layer of 
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Fig 5 — Microscopic section of synovial membrane from elbow of rabbit 1 with experimental arthritis 
produced bj “typical strain” of streptococcus B-30, hematoxylin-eosm stain, reduced from an approx- 
imate magnification of X 140 
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necrosis, there was a thick zone of loose connective tissue infiltrated at many points 
with leukocytes and plasma cells The leukocytes were mostly of the lymphoid 
type, although poljfmorphonuclear leukocytes were also present Plasma cells were 
abundant Areas of hyaline degeneration occurred at some points m the connective 
tissue 

A woman (C-107), aged 32, came in with a history of pain and swelling of the 
joints of four years’ duration Symptoms first developed m the fourth toe of 
the right foot Shortly after this, symptoms appeared m the spine and fingers The 
elbows and wrists rccentlj’' became involved Physical examination show'ed several 
fusiform fingers and sw'elhng of both w'rists Each of tw'o blood cultures yielded 
the “typical strain” of streptococcus Cultures were taken from a piece of synovial 
membrane removed from one of the fusiform fingers, but no organisms were 
recovered 

klicroscopic section through the synovial membrane showed a vascular and 
ratlier loose connective tissue, infiltrated wuth lymphoid and plasma cells and a 
moderate number of polymorphonuclear leukocytes The endothelial lining in 
some places w'as normal At other points the endothelial cells were piled up and 
stratified At still another point the tissue showed extensive necrosis and over 
this area the epithelium had been entirely destroyed and its place taken by a layer 
of polymorphonuclear leukocytes In the deeper parts, the tissue show'ed areas of 
In aline degeneration The section presented the tjpical picture of chronic granula- 
tion tissue 

Figuie 5 IS a photomicrograph of a section fiom the elbow of lab- 
bit 1, and figuie 6 a photomiciograph of a section from the synovial 
membrane in case C-107 The similarity of the tissue changes m the 
two sections is striking 

COMMENT 

In the early pait of this article we have shown what confusion has 
existed in the minds of investigators concerning the etiology of chionic 
arthritis Furtheimore, we have pointed out that even among bac- 
teriologists who have at times obtained positive cultuies fiom the blood 
or fiom the joints of aithiitic patients, there has been maiked dis- 
crepancy in the lesults obtained It was because of this confusion and 
doubt as to the etiology of the disease that the piescnt study was undei- 
taken 

Altogether, seventy-eight patients with chionic infectious aithiitis 
have been subjected to blood cultuies Of these seventy-eight cases, 
forty-eight, or 61 5 pei cent, yielded a stieptococcus Of the foity- 
eight strains of streptococcus isolated fiom blood cultuies, foity, or 
83 3 per cent, weie found to be cultuially and biologically identical and 
presented the appearance of attenuated hemolytic streptococci Of the 
eight remaining stiains, six were classified as SU eptococcits viudam, 
two as Streptococcus nonhemolyticus In this report the predominant 
strain has, for lack of a better name, been referred to as the “typical 
strain ” In the earlier part of our work, we weie disposed to look on 
this dominant organism as an atypical Streptococcus vnidan^ because of 
Its capacity to produce some green coloratron on blood agar plates 
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Ho\\e\er, after seveial generations on artificial mediums, the typical 
strains all shoned definite hemolytic properties, not so marked as typical 
Siiepfococcus pyogenes, but sufficient to pioduce a zone of hemolysis 
on blood agar plates and considerable reddening in blood bioth Fuither- 
more, the reactions of the "typical strains” on sugars were consistent 
and coi responded to those of the beta type of sti eptococcus Our 
hesitancy in classifying this organism was not dispelled when we sought 
the opinion of seveial bactei lologists One called it streptococcus alpha 
prime (a subvariety of Streptococcus vindans) , two consideied it 
Sti eptococcus heinolyticus, while a fourth was unwilling to express a 
positne opinion Dr J Howard Brown, who has had a laige experi- 
ence with streptococci, wrote 

In spite of the slight evidence of methemoglobin formation, I think I would 
regard these streptococci as of the beta type because there is no real zone of 
methcmoglobinized corpuscles next to the streptococcus colonies This is also 
substantiated bj the fact that serum broth cultures produce complete hemolysis of 
V ashed rabbits’ cells in less than two hours 

e aie veiy much disposed to accept Di Brown’s opinion and call 
this tipical sti am’ Sti eptococcus heinolyticus However, m view of 
the dneigence of opinions, it seems wisei to suspend final judgment 
until the oiganism has leceived further study and to refer to it for the 
present as the “typical strain ” 

1 he fact that m our expei lence 83 per cent of the streptococci 
isolamd from the blood of patients with chronic infectious arthritis 
ha\e rallen into one biologic group, strongly suppoits the theory that 
a considerable piopoition of all cases of chionic infectious arthiitis 
aie caused by a biologically specific strain of streptococcus The com- 
paidtnel)’^ small lemainder of cases appears to be referable to either 
Sti eptococcus viudans oi Sti eptococcus nonliemolyhcus It should not 
be forgotten that rarely a clinical syndrome indistinguishable from 
chronic deforming arthritis can be produced by the gonococcus 

Our investigations into the bacteriology of the joints m chionic 
infectious arthritis have not been as extensive as the blood cultures, but 
the isolation of streptococci from a number of joints would indicate 
that the joint lesions in this disease aie actual infections The inter- 
esting theoiies propounded bA' Swift,"" and more recently by Zinsser,"® as 
to the allergic nature of the joint lesions in rheumatic fever may or may 
not be applicable to chronic infectious arthi itis The latter disease appears 

22 S\\ ift, H F , Derick C L , and Hitchcock, C H Rheumatic Fever as a 
klanifestation of Hipersensitiveness (Allerg 3 ^ or Hvperergy) to Streptococci, Tr 
A. Am Pins 43 192 1928 

23 Zinsser, H , and Yu, H The Bacteriology of Rheumatic Fever and the 
Allergic H\pothesis Arch Int Med 42 301 (Aug) 1928 
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to haAC Its perfect analogue in gonococcal aithiitis, an infectious disease 
in which a piiinai}^ gonococcal focus of infection in the pi estate oi 
seminal vesicles pioduces lesions in the joints by metastatic infection 
through the blood stieam 

In the small series of joint cultuies studied, the lesults wcie con- 
sistent with those obtained fiom blood cultuies The ‘^typical stiain” of 
sti eptococcus was isolated fioni the joint in two cases, Streptococcus 
virrdans in one case and a nonhemolytic streptococcus in one In two 
of the four cases nith positive joint cultures, a sti eptococcus identical 
nith the one isolated fiom the joint was also lecoveied fiom the blood 

To our minds, one of the most significant featuies of this study has 
been the correlation of streptococci isolated fiom a focus of infection 
with streptococci ieco\eied fiom the blood or from the joints of the 
same patient In several instances, the identity of these stieptococci has 
been clearly pioved by the similaiity of then cultuial and biologic 
reactions 

Our studies on expeiimental arthiitis in animals aie still m the 
prehminar}' stage Se^eral inteiesting facts ha\e aheady been bi ought 
out It IS compaiativeh eas} to pioduce a chionic nonsuppuiative 
arthritis in labbits nith the “typical sti am” of sti eptococcus In rab- 
bits vith experimental arthritis, the “typical stiains” can be lecoveied 
from the blood and from the infected joints Finally, the histologic 
changes vhich take place in the joint of a rabbit with expeiimental 
arthritis are strikingly similai to those nhich occui in the joint of a 
patient nith chionic infectious aithiitis IVhen, in a patient with typical 
chionic infectious poljarthiitis, a biologicall) specific sti am of strepto- 
coccus has been isolated fiom the tonsils, fiom the blood stream and 
from one of the infected joints, when this stieptococcus isolated fiom 
the patient produces similar lesions in the joints of labbits, and when 
the same organism is lecoAeied fiom the blood stieam and fiom the 
aftected joints of the labbit, it is haid to a\oid the piesumption that this 
stieptococcus IS the cause of the disease 

A diphtheroid bacillus was reco\eied fiom the blood in foui patients 
with chionic infectious aithiitis, and m one of the foui a diphtheioid 
w'as remo\ed from an infected joint This oigamsm has been isolated 
by other bacteriologists fiom the blood and joints of aithiitic patients 
We are not disposed to attach much significance to its piesence Diph- 
theroids have been found so fiequently in lymph glands of both healthy 
and diseased patients that then occasional presence in the blood oi e\en 
in the joint ivould not be suipiising 

Mio ococcus zymogerres wus isolated fiom the blood of tw^o patients 
wnth chionic infectious arthiitis We aie not piepaied to expiess an 
opinion as to the etiologic significance of this oigamsm at the piesent 
time 
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A consideiable number of the patients in this series have been treated 
with autogenous or stock sti eptococcus vaccines In many cases the 
results have been encouraging, furthermore, in a number of instances, 
inoculations with vaccine appear to have sterilized the blood stream 
Sufficient time, howevei, has not 3 ^et elapsed to permit of a final judg- 
ment as to the therapeutic value of vaccine 

Pei haps a few suggestions should be ofifeied to any who may under- 
take a study of the bacteriology of the blood and joints m chronic infec- 
tious arthritis The following points aie all essential for successful 
results 

1 Select the proper type of patient Patients with polyaithritis 
with srvelhng of seveial joints, preferably with one or more fusifoim 
fingeis, give the highest piopoition of positive blood cultuies 

2 Take plenty of blood, from 20 to 30 cc , for the blood culture 

3 Take sereral blood cultures on each patient, preferably aftei the 
joints have had some exeicise 

4 A pH of 7 6 IS the optimum for the blood cultures 

5 The oiiginal cultures must be kept under observation in the incu- 
batoi for at least foui weeks, subcultures being taken eveiy four or 
five days during this period Before finally discarding the original broth 
flasks, some of the medium should be centrifugated and cultuies and 
smears made from the sediment 

If, as appeals highly probable from this study, chronic infectious 
arthiitis IS usually a streptococcus infection, what shall be said 
of the etiolog)'- of hypeitrophic or degeneiative aithiitis^ For some 
time there has been a growing comiction among many students of 
arthritis that degeneiative arthritis is not a truly inflammatory process 
and that it is nonmfectious m natuie Such a conception of degenera- 
tne aithritis is supported by the results of this study All the blood 
cultuies taken from patients with degeneiative aithritis were sterile 
Unfoi tunately, no oppoitunity for taking joint cultures on these patients 
presented itself At the piesent time all the evidence at hand points 
to the conclusion that degenerative arthritis is just one moie phase of 
the somatic detenoiation which we call old age 

Some wi iters on arthiitis have attempted to make a distinction 
beh\een chronic infectious arthritis and arthritis deformans The pres- 
ence of streptococci m the blood and joints of both these clinical types 
would seem to indicate that there is no basis for such a distinction 
Certainly from oui own studies we are forced to conclude that arthritis 
defoimans is nothing moie than the end-result of chionic infectious 
arthritis The deformans” type usually presents a history of long 
standing 
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CONCLUSIONS 

1 A stieptococcus can fiequently be isolated fiom the ciiculatmg 
blood of patients with chronic infectious aithiitis (61 5 pei cent in this 
senes of se^ ent} -eight cases) 

2 Of these stieptococci, 83 3 pei cent aie cultuially and biologically 
identical, and appeal to be attenuated hemolytic stieptococci This 
dominant stiain has been lefeiied to as the ^‘typical stiain ” The remain- 
ing stiains fall definitel} into either the viiidans oi the indiffeient 
gioup of stieptococci 

3 A stieptococcus, cultuiall} and biologically identical with the 
stiain isolated fiom the blood, can sometimes be cultivated fioni one of 
the affected joints in the same patient 

4 A stieptococcus, cultuially and biologically identical with the 
strain isolated fiom the blood and joints, can sometimes be isolated fiom 
a focus of infection in the same patient 

5 When the “topical strain” of stieptococcus is injected intia- 
lenousl} into labbits, a majoiity of the labbits develop a chionic non- 
suppuiative polyaithiitis Micioscopically, the histologic changes in 
the rabbit’s joints aie piacticalh identical with those obsened in the 
joints of patients with chionic infectious aithiitis 

6 Cultuies fiom the blood and fiom the joints of labbits infected 
wnth expel imental aithiitis fiequenth }ield a stieptococcus identical 
wnth the strain oiiginall} injected 

7 Tliese obseivations tend strongly to confiim the theoiy that 
chionic infectious arthritis is a sti eptococcal infection, caused in a 
large piopoilion of cases by a biologically specific stiain of this 
organism The picsence of this specific stiain of stieptococcus in the 
blood of seieral patients wath advanced aithiitis defoimans goes fai 
to corroboi ate the \ lew ah eady widely held that ai thi itis def oi mans and 
chionic infectious aithiitis aie one and the same disease 
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The relationship that piematuie beats bear to piognosis is a question 
that has called forth many and varied opinions There are, on the one 
hand, those who have considered them to be entirely benign and, 
on the othei hand, those who have thought them evidence, in ever} 
case, of underlying caidiac disease Between these two extremes then 
clinical moment is appiaised m various gradations of seventy Long 
before the advent of the modem methods of studying airhythmia and 
the recognition of the several different types of this condition, it was 
lecogmzed by some that piemature beats, or pulse mtei mittence as they 
were then termed, weie not always to be interpreted in a serious light 
Theie is still so much uncertainty about the significance of premature 
beats under varying conditions that new information based on more 
than impressions is highly desirable Such information regarding the 
significance of premature beats at varying heait rates is herewith 
recorded 

LITERATURE 

Although the earliest medical liteiature m Greek and Roman times 
mentioned intei mittence of the pulse late, there was not a clear sepa- 
ration between its significance and that of the other types of arrhythmia 
In general, Galen regarded iriegularity of the pulse rate as a bad sign, 
and all through the Middle Ages Galen s views held sway 

Hebei den,^ however, writing in 1782, said, “Some books speak of 
mteimitting pulses as dangerous signs, but I think without reason, for 
such trivial causes will occasion them that they are not worth regarding 
in ail} illness unless found with other bad signs of more moment ” 
In 1884, Richardson - quoted from an. article he had written m 1868, 
m which he said that although he could not find an author who had 
made a special study of mtermittency, he himself believed that, “In 

' Submitted for publication. Sept 11, 1928 

^ From the Cardiac Clinic and Laboratory of the Massachusetts General 
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1 Heberden, W Commentaries on History and Cure of Diseases, London, 

1782 

2 Richardson, B W Intermittency of the Heart and Circulation, Aesclepiad, 
London, 1 193, 1884 
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Itself, A\hen it is not piesent to an exaggeiated degiee, (it) is often less 
dangei ous than it seems ” He based this opinion on its common 
occuiience aftei middle age and on the long duiation of life of many 
i\ho piesent inteimittency He mentioned one patient who died at 
the age of 86 and was fiist known to have had an iriegulai pulse late 
at 42 Intel estmgly too, he noted that alcohol quickens the pulse and 
causes the intei mittenc}’- to disappeai, which is latei followed by a 
slowing at which time it is moie pionounced He mentioned also that 
he had, in the tiealment of intermittenc}’’, sometimes combined quinine 
with opium with maiked benefit 

Seieral other cases have been lecoided m which premature beats 
have been piesent foi man)’- )eais Thus, Mackenzie® cited the case 
of a man in whom he noted auiicular piematuie beats at the age of 69 
They w’ere first discovered when the patient w’as IS, at wdiich time he 
was rejected for an appointment to India on account of the iiiegulaiity 
During many of the mtei veiling jears he had been forced to earn his 
livelihood by work that entailed great bodily strain, and had been much 
depressed at times by the grave prognostications of his medical adviseis, 
W’ho led him to believe that his end might come at any moment He 
w’as 111 fairly good health wdieii seen by Mackenzie aftei fifty-one 
years w’lth premature beats Giassmami ^ leported a case m which 
they were known to be piesent foi sixty-seven yeais, Koppang® one 
of tliiity yeais' duiation, Walsh® one of forty yeais’, and Shultze 
quoted the observation of Eib wdio noticed them m himself at the age 
of 29 Tliey continued and foi tw’enty-seven yeais he had no impair- 
ment of health After this foi seven jeais he had attacks of tachycaidia, 
but tliese did not distuib liis w’oik or mountain climbing At 73 he 
sunned a grave opeiation on the gallbladdei and died at the age of 83 
from infectious enteiitis Allan® and Biowm,® among otheis, likewise 
WTote that premature beats aie compatible wuth long life 

Some authors have looked on piematuie beats as being laigely due 
to the effects of the neivous system Kaufmann and Rothberger^® 

3 Mackenzie, James Diseases of the Heart, London, Oxford University 
Press, 1913 

4 Grassmann, Karl Zur prognostischcn Weitigkeit tind Behandhing der 
praktisch-wichtigsten Her/arrythmicn, Munchcn med Wchnschr 67 5, 1920 

5 Koppang, N Ucbcr E\tras 3 '-stolie, Ztschr f arztl Fortbild 21 63, 1924 

6 Walsh, J J Prognosis in Functional Hcait Disease The Story of Forty 
Years of Premature Systole, Internat Clm 4 158, 1926 

7 Scluiltze, F Zur Frage dev piaktischen Bedcutung und der Behandlung 
der E\tras 3 ’stolic, Deutsche med Wchnschr 50 1357, 1924 

8 Allan, G A Defects m Cardiac Rhythm in Relation to Cardiac Failure, 
Glasgow M J 95 333, 1921 

9 Brown, W L The Ii regular Heart, Med Rev 16 1, 1913 

10 Kaufmann, R, and Rothbeiger, C J Ueber Extiasystohsche Pulsa- 
rhythmien, Wien klm Wchnschr 33 599, 1920 
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stated that they are almost ahva}s dependent on extracardiac nerve 
stimulation, particularly vagal Cautley said they ai e not a cardiac 
but a nervous symptom , Hotfmann thought that they may arise 
from pure nervous and psychic causes as ■well as from high blood 
pressure Many have regarded premature beats as being of little, if any, 
significance m themselves and have expressed the belief that the prog- 
nosis m any case must be based on the accompanying or underlying 
cardiac conditions Similarly, Bass,^^ writing of premature beats in 
childhood, stated that premature beats of toxic origin including those 
which occur m iheumatic fever are not necessarily a symptom of 
permanent injury 

Lewis has been a little more guarded m his views He believed 
that although premature beats in themselves cannot be regarded as 
evidences of serious involvement of the heart muscle, still they constitute 
and bear witness to defects, and single ones may be the precursors of 
grave conditions Grassmann * was of the opinion that long observation 
of the case is necessary for prognosis, and Babcock believed that in 
the course of time they have harmful effects Reilly stated that 

11 Cautley, Edmund Irregularity of the Heart, St Barth Hosp Rep 29 
283, 1893 

12 Hoffmann, A Ueber die Enstehung der Extrasystolen Irregularitat, 
Munchen med Wchnschr 53 1987, 1906 

13 Mackenzie, J Some Manifestations of the Healthy Heart in the Young 
Frequently Taken as Indications for Treatment, Brit M J 2 1697, 1912 
Lohman, W H The Diagnosis, Prognosis and Treatment of Common Dis- 
turbances of Cardiac Rhythm, Long Island M J 9 361, 1915 Griffith, T W 
Discussion on Cardiac Irregularities Especially in Reference to Prognosis and 
Treatment, Bnt M J 2 697, 1924 Greiwe, J E Premature Ventricular 
Sj stoles Their Clinical Significance, J A M A 67 1072 (Oct 7) 1916 
Price, F W Recent Advances in the Diagnosis, Treatment and Prognosis of 
Heart Disease, Bnt M J 1 477, 1913 Maldague, L L’extrasystohe, Rev med 
de Louiam 25 289, 1909 Leyden, E The Prognosis of Diseases of the Heart, 
Woods Med & Surg Monograph 5 57, 1890 Wenckebach, K Arrhythmia of 
the Heart, London, W Green and Son, 1904 Galh, G Contributo al Significato 
Pronostico delle Extrasystole Cardiache, Polichmco 25 (sez prat ) 1256, 1918 
Smith, A L Clinical Study of One Hundred Patients with Extrasystoles as Seen 
in Office Practice, Ann Clm Med 3 385, 1924 Mackenzie (footnote 3) 

14 Bass, M H Significance of Cardiac Extrasystoles in Childhood, J A 
M A 86 387 (Feb 6) 1926 

15 Lewis, T Clinical Disorders of the Heart Beat, London, Shaw & Sons, 
1913 

16 Babcock, R H Prognosis in Cardiac Affections, as Related to the Dis- 
co-verj of Murmurs and to Arrh 3 thmia, J A M A 70 355 (Feb 9) 1918 

17 Reill}', T F The Problem of the Irregular Heart, Internat Clm 4 62, 
1915 
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then piesence in oiganic heait disease inci eases the seiiousness of the 
piognosis by 10 per cent Vaquez/® Leconte and Ritchie"” looked 
on ventiicular as less seiious than auiiciilai and nodal piemature beats, 
and furthei considered then onset in hypei tensive cases as the pieciiisor 
01 fiist sign of caidiac involvement 

Sattei thwaite consideied piematuie beats in high temperatures as 
indicative of seveie toxemia, in convalescence, of a weak heait, in 
pneumonia oi iheumatic fever, as suggesting caidiac complications 
Hewlett”” quoted Mackenzie as saying that they aie paiticularly 
ominous when they occui at the height of infectious fevers Stiickland- 
Goodall,”® Smith and Hnschfeldei emphasized the point that in a 
patient in whom piematuie beats aie developed or increased by exeicise, 
the piognosis is moie serious Nefedoff ”” looked on then presence m 
heart disease as enhancing the seiiousness of the piognosis and he also 
believed them dangerous with high blood piessuie, because cerebral 
hemorrhage may follow the laige postexti asystolic beat Roth”' stated 
that nervous influences inciease, but that it is doubtful if they can ever 
induce prematuie beats in an otheiwise healthy oigan He mentioned 
focal infections as a cause of them and believed it moie likely that the 
nenmus influence merely augments the distuibance in a heait that is 
already the seat of some pathologic piocess oi one that beais the biunt 
of at least a mild toxemia Moitensen,”® in speaking of piemature 
beats, concluded that even though such causes as tobacco, tea and coffee 
are a factor in producing them, nevei theless, in the gieat majoiity of 
cases there is undei lying caidiac disease, and all of the cases m which 

18 Vaquez, H Prognostic ct trailment des arrhythmics, Arch d nial du 
couer 4 3, 1911 

19 Leconte, jM L’e\tras 3 ’^stole, Pans, J B Bailliere ct fils, 1911 

20 Ritchie, W T Prognosis in Certain Affections of the Heart, Lancet 2 
643, 1920 

21 Satterthwaite, T E Newer Conception of Cardiac Arrhythmias and 
Treatment, M Rec 75 833, 1909 

22 Hewlett, A W Common Cardiac Arrhythmias and Their Clinical 
Significance, Internat Chn 4 47, 1907 

23 Strickland-Goodall, J The Premature Contraction and Its Significance, 
New York M J 115 204, 1922 

24 Smith, F M The Premature Contraction, Wisconsin M J 20 114, 1921- 
1922 

25 Hirschfeldcr, A D Diseases of the Heart and Aorta, Philadelphia, J B 
Lippincott Company, 1918 

26 Nefedoff, V Frequence, origine ct signification des phenomenes extra- 
systoliques au cocurs des cardiopathies. Arch d mal du coeur 6 711, 1913 

27 Roth, I R Cardiac Arrhythmias, New York, Paul B Hoeber, 1928 

28 Mortensen, M A Diagnosis and Management of Extrasystolic Type of 
Cardiac Irregularities, Lancet-Clinic 113 353, 1915 
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they appear must be looked on as potentially pathologic Muller 
voiced the most pessimistic opinion of all, affirming that, “There is no 
doubt extias)’-stoles in the majoiity of cases are due to incipient or 
advanced diseases of the myocardium If a great number of extra- 
systoles disturb the normal pulse rate, we are always sure of a severe 
damage to the heart muscle It is better in practice to consider them 
as signs of importance and not simpty as the manifestation of a nervous 
heart which commonly passes as harmless ” 

Koppang ® reported the results of 1,000 tiacings taken in 62 cases 
following diphtheiia Forty-two of these patients had serious cardiac 
complications In seventeen tracings he found premature contractions 
They weie present in the same frequenc}’- at varying rates and appeared 
from the tenth to the sixtieth day of convalescence, with two exceptions 
which occurred in patients with other caidiac complications He con- 
cluded that premature conti actions aie a symptom of myocardial 
involvement following diphtheria m conti ast to those encountered in 
routine practice He also found them in 7 pei cent of 200 cases of 
h 3 ’-pertension, but doubted if they were caused by high blood piessure 
He had seen them frequently in patients with low blood pressure, and 
had also noted m cases of hypei tension that they could be pioduced 
by ps} chic influences 

PRESENT STUDY 

The lack of definite data as to the significance of premature beats 
at varying heart rates and the variable opinions expressed caused us to 
make the study herein reported Are cases m which prematuie beats 
occur at the more rapid rates moie serious than those in which they 
occui at the slower rates ^ 

Our series is composed of 200 patients, 100 of whom showed 
prematuie beats and 100 normal rhythm None of them evidenced a 
maiked degree of aunculoventriculai or inti aventricular block They 
were all seen and electiocaidiogiams were made at the Massachusetts 
Geneial Hospital, between the years 1915 and 1926, and all have been 
followed to the piesent time The clinical diagnoses m the cases of the 
two groups were similar We have divided each group of 100 into 
foul subgroups of 25 each, one with heait lates less than 80, one with 
lates bet\\een 80 and 100, one with rates between 100 and 120 and one 
with lates ovei 120 

Of the 100 patients who piesented premature beats, 56 were males 
and 44 females When they weie grouped m the seveial decades accord- 
ing to their age at the time of examination, it was found that 5 were in 
the first decade, 9 in the second, 5 in the third, 10 in the fourth, 21 in 

29 Muller, F Nervous Affections of the Heart, Arch Int Med 1 1 (Jan ) 
1908 
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the fifth, 27 m the sixth, 15 m the se\enth, 7 in the eighth and 1 in the 
nintli The incidence of cardiac disease, of disease elsenhere in the 
bod}' and of the appaiently health} is sho\Mi in the accompanying table, 
in \\hich our figures are compared \Mth similar ones of Lewis and 
Pardee 

The higher incidence among the healthy in our series may be due 
to the inclusion of more cases seen in piivate practice Undoubtedly 
premature beats among healthy persons at large are relatively much 
more frequent than the figures in the table indicate, as these series v ere, 
for the most part collected from hospital cases 

The number of patients with premature beats ^^ho died in the differ- 
ent heart rate groups, together nith the number of patients used as 
control cases vho are dead, in each group, is shown graphically in 
chart 1 It will be seen that there is practically no increase in the 
death rate of the premature beat series until the heart rate of 120 is 
reached, and beyond that rate there is onh a moderate increase The 


Incidence of Caidtac Disease, Disease ElsezAicre m the Body and the 

Apparently Healthy 



Heart Disease, 

Disease Elsewhere, 

Healthy, 


per Cent 

per Cent 

per Cent 

Lewis 

71 

19 

10 

Pardee 

SI 

10 

6 

Present series 

63 

22 

15 


rather marked increase in the deaths of those of the control group with 
heart rates of from 100 to 120 we believe should probably be attributed 
to an insufficient number of cases in the senes, as the clinical diagnoses 
in this group correspond closely to the diagnoses in the premature beat 
group This inconsistency can be corrected partially by dmding each 
series into tvo groups, one vith heart rates less than 100 and one with 
rates over 100 The graphic representation of the number of deaths 
vhen the two senes are thus duided is shown in chart 2 It is seen 
then that the number of deaths in the two series correspond closely, 
and those cases in the premature beat series show a mortalit}’- at faster 
heart rates that is no higher than those of the control series vith no 
premature beats In other uords, as the basic heart rate increases so 
does the mortality inciease but no faster in those patients with premature 
beats than in those vithout premature beats 

Barker reported a series of 193 patients with premature beats 
dnided into one group of 76 who had no other signs of heart disease 

30 Pardee, H E B Clinical Aspects of the Electrocardiogram, New York, 
Paul B Hoeber, 1928 

31 Barker, P S Significance of Extras^ stoles, Ann Clin Med 2*371 1923- 
1924 
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and a second group of 117 patients with premature beats with 
other signs of heart disease In the formei group the known dead 
with auricular premature beats amounted to 22 5 per cent, with ventricu- 
lar premature beats, 17 per cent In the lattei the known dead among 
the auricular group was 51 per cent, among the ventricular, 27 per cent 
Rearranging his cases we find that these two groups taken together 



Chart 1 — The number of patients with premature beats who died, and the 
number of patients used as controls who died The abscissae represent the number 
of patients dead, the ordinates the heart rates The cases of premature beats are 
shown by the heavy line and the control cases by the broken line 



Chart 2 — ^The number of deaths m the series in which the heart rates were 
less than 100, and those in the series m which the heart rates were more than 100 
The abscissae represent the number of patients dead, the ordinates the heart rates 
The cases of premature beats are shown by the heavj’’ line, and the control cases by 
the broken line 

show a total mortality for auricular premature beats of 36 per cent and 
a total mortality for ventricular premature beats of 27 per cent In 
our series, we have followed all the cases and consequently have a 
higher mortality in both types , however, we find that the comparative 
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nuinbei of deaths among those ot the auiiculai type (thuty-seven cases) 
and those of the ventnciilai t}pe (sixty-thiee cases) is the same, the 
ventncnlai being shghtl) m excess Oui peicentages show 45 per cent 
of the patients AMth aniiciilai and 50 pei cent of the patients with 
ventncnlai piematiiie beat to be dead within a peiiod of thiiteen yeais 

In 0111 gioup of cases we hare 63 with ventncnlai piematnie beats 
Of these 55 weie unifocal in oiigin and 8 weie of multifocal ongm 
D’lisay studied 100 cases of piematnie beats, piesnmably ventncnlai, 
to deteimine the lelatne significance of those aiising fioni multiple 
toci as compared \Mth those ansing fiom a single focus He concluded 
that diseases repiesenting pathologic change m the myocaidium show a 
highei peicentage of ventncnlai piematnie beats fiom multiple foci 
than fiom one focus ForU-one of oni patients with ventncnlai pie- 
niatnie beats showed CMdence of lieait disease Of these, 34, oi 83 pei 
cent, were unifocal and 7. or 17 per cent, weie multifocal m ongm 
D’lisa}’’ also stated that diseases not involving the lieait aie not accom- 
panied bv multifocal piematnie beats In one of oni cases multifocal 
preniatnie beats i\eie lecorded iiithout clinical oi electrocaidiogiaphic 
evidence of ani othei abnoi mahties in the heait oi elsewheie This 
patient is Ining and well foni }eais after the original electiocaidiogiam 
was taken Fnrtheniioie, d'lisay stated that the multifocal t}pe gives 
a much moie giave prognosis than the unifocal In oui senes, among 
the patients i\ho showed multifocal prematme beats the mortality is 
63 per cent as compared w ith 46 per cent mortality among those of the 
unifocal group Many moie cases must be studied before definite 
conclusions can be reached as to how much moie senous multifocal 
extrasystoles ma} be than unifocal extias) stoles 

SLMWARY 

1 A senes of 100 cases of piematnie beats, divided into foiii 
heart late gioups, and follow'cd ovei a penod of yeais, is piesented 
This IS accompanied by a sei les of a similai sire of control cases, having 
the same diagnoses as those of the piematnie beat group but not sho\v- 
ing arrhythmia 

2 Piemature beats which occuiied at the moie lapid lates in this 
series did not bear a moie senous piognosis than those at slo\ver lates 
wdien allowance was made foi the increase in moitality due to inci eased 
rate alone 

3 The presence of pi einatui e beats m the sei les repoi led hei e added 
no gravity to the prognosis The death rate w^as actually slightly 
greater m the 100 cases with normal ihythm 


32 d'Irsay, S On tlic l^Ieaning of Extrasj'stolcs, Am J 111 Sc 174 96, 1927 
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4 Auricular premature beats were not found to be more significant 
so far as prognosis of life is concerned than were ventricular premature 
beats 

5 Multifocal ventricular premature beats did not appear to bear a 
much more serious prognosis than those of unifocal origin, neither 
were they present in our patients who showed evidence of heart dis- 
ease to nearly the degree of those of the unifocal type It is doubtful 
if multifocal premature beats are always accompanied by myocardial 
involvement 

6 The frequency with which premature beats occurred in a given 
case seemed to bear little relation to prognosis 

33 In our experience, the rare exceptions m which premature beats occur 
more often than once every other beat, tend to have auricular fibrillation or ven- 
tricular paroxysmal tachycardia and serious heart disease Only four such cases, 
however, have been observed at the Massachusetts General Hospital m thirteen 
years in more than 5,000 cases in which electrocardiography was done Also, it 
may be added that some years ago one of us reported a higher death rate in 
patients with auricular fibrillation when there was a complication of ectopic ven- 
tricular contractions (White, P D Prognosis in Heart Disease in Relation 
to Auricular Fibrillation and Alternation of the Pulse, Am J M Sc 157 5, 1919) 



CHLORIDE METABOLISM AND ALKALOSIS IN ALKALI 
TREATMENT OF PEPTIC ULCER'*' 

HERBERT A WILDMAN, MD 

WOOSTHR, OHIO 

Only within the last thiee yeais has the liteiatuie definitely sug- 
gested the impoitant i elation of chloiide metabolism to alkalosis in the 
Sipp} ^ alkali tieatment foi peptic ulcei Haidt and Rivers- were 
probably the first to suggest that the symptomatology of alkalosis might 
be partl}^ due to the i eduction of blood chloiides , however, the chlorides 
MCie normal in the one case they examined Work has been done on 
upper intestinal and pyloiic obstruction^ and on salt-poor^ and salt- 
free ® diets, but I have found no articles which compare the observations 
and symptoms of these conditions uith the stiikmgly similar pictures 
found in alkalosis fiom Sippy tieatment 

A study of the maleiial m this papei and a compaiison with the 
observations of others will show the paramount importance of chloride 
metabolism in the treatment for ulcei s I hope that a cleaiei undei- 
standing of the complications of Sippy theiapy will result from studies 
such as these and help to quiet the dissatisfaction revealed m the litera- 
ture The objections of Smithies'* aie chaiacteristic , howevei, the 
lapid s}mptomatic lelicf, the high pcicentage (about 85 per cent) of 
conditions cleaied uji s} mptomatiCfilh and roentgenologically, and even 
the rapid dealing of paitial pyloiic obstiuction ^ fiom spasm and edema 
are results not leadily obtained with othei methods of therapy 

SIGNS AND SYMPTOMS AND RCSULTS OP LABORATORY 
EXAMIN \TION IN ALKALOSIS 

With a deal pictuie of the alkalosis from alkali therapy in mind, 
one can make compaiisons with the alkalosis of chloride depletion and 
of chloiide piivation Then one can see moie clearly the lelationship 
and importance of chloride metabolism to alkali treatment 

’ Submitted for publication, Aug 29, 1928 

*’■ From tlic Department of Hygiene, the College of Wooster 

■^From the Alcdical Division of the Research Laboratories and the Depart- 
ment of Gastro-Entcrology of the Henry Ford Hospital, Detroit 
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Symptoms ascribed to alkalosis by various writers aie lassitude, 
irritability, dizziness, distaste for food, nausea and vomiting, aching 
in the muscles and joints, slow respirations, increased pulse rate,* dry 
throat, dry and itching skin," mental dulness and stupor, dull headaches 
and even muscular twitchmgs and tetanj'^ ® 

In one case I observed a marked craving for salt, and m cases of 
chronic alkalosis, marked weakness, especially in the legs, fatiguabihty, 
dyspnea on exertion and cramps m the legs A few patients have 
shown absolute intolerance to neutralizing doses of alkali, one patient 
developed marked nausea and vomiting even though there was con- 
siderable free acid in the gastric contents Another patient developed 
dial rhea, apparently due to the soda m the powders 

In some cases, Hardt and Rivers - and Venables ® leported evidence 
of disturbed kidney function wuth profound toxic symptoms and even 
death Albumin, pus, erythrocjdes and casts were found in the mine, 
the blood urea and plasma carbon dioxide capacity iveie increased, and 
the phenolsulphonphthalem output of the kidneys was depressed 
MacCallum has shown that the depletion of chloiides by vomiting and 
aspiration produces symptoms of alkalosis, nerve irritability and tetany 
in dogs In addition, Hastings, Murray and Murray noted a rise 
of carbon dioxide capacity Fioum® noted lassitude, dulness, musculai 
twitching and weakness, paresis of the posterioi extremities and con- 
vulsions with fits of anger m dogs kept on salt-fiee diets Achlorhydria 
occurred on the eighth day, and after thiee w^eeks diminished secretion 
m the stomach, diminished absorption m the intestine and a diminution 
of all the mineral salts obtained He said that Bischoff found a dimin- 
ished excretion of urea Houghton and Haden and On observed 
lassitude, dulness, evidence of uremia, tetany, etc , m the hypochloremia 
of pjdoric and upper intestinal obstruction 

The carbon dioxide capacity of the plasma has been used con- 
siderably as a measure of alkalosis Kast, Myeis and Schmitz^® indi- 

7 Jordan, S M Calcium, Chlorides and Carbon Dioxide Content of Blood 
in Alkali Treatment, J A H A 87 1906 (Dec 4) 1926 

8 Grant, S B Tetanj' Report of Cases with Acid-Base Disturbance, 
Arch Int Med 30 355 (Sept ) 1922 

9 Venables, J F Alkalosis Following Alkali Treatment, Gu 3 ’s Hosp Rep 
75 152, 1925 

10 MacCallum (footnote 3, third reference) 

11 Hastings, A B , Murray, C D, and Murra}, H A Changes in Blood 
After Pjloric Obstruction, J Biol Chem 46 223 1921 

12 Houghton, L W Toxemia Following P 3 loric Obstruction, Guy’s Hosp 
Rep 75 149, 1925 

13 Haden and Orr (footnote 3, first and second references) 

14 Van Slv'ke, D D Determination of Carbonates and Carbon Dioxide in 
Solutions, J Biol Chem 30 347, 1917 

15 Kast, L , !M 3 ers, V C, and Schmitz, H W Alkalosis, J A M A 82 
1858 (June 7) 1924 
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cated that the pu as well as the carbon dioxide content should be taken 
to get a true picture of the acid-base balance The carbon dioxide con- 
tent IS said to give moie information than the capacity, because, 
accoiding to van Sl}ke,^® the pn is a function of the ratio of basic 
carbonates to carbonic acid (BHCO3 HoCOg latio), an increase in the 
ratio increasing the pn , the carbon dioxide content is the sum of carbon 
dioxide as carbonic acid and carbonates In the average case of alkalosis 
from alkali therapy, ho\\ever, there is little consistent difference 
kl} ei s and Gatewood found this to be true 

Myers and Booher and van Sl}ke^“ showed that the carbon 
dioxide capacity or content is not necessarily increased in alkalosis, and, 
on the other hand, increased carbon dioxide capacity does not always 
indicate true alkalosis, as the p^ may be normal A pn above 7 47 
indicates a true uncompensated alkalosis Unfortunately, I could make 
fe^^ pn determinations simultaneously with the determinations of the 
caibon dioxide content and capacit} 

OTHER CrrECTS or ALKALI 

After a course of alkali therapy, Fiiedenwald found 111 44 pei 
cent of his cases an increased free and total acid, m 22 per cent a 
diminished secretion and the rest were irregularly affected Lockwood 
and Chamberlin gave alkali u ith the test meal There was a tempo- 
rary neutralization, but afterward a tendency for the acid secretion to 
rise above normal in 50 per cent of the patients given sodium bicaibo- 
nate, in 25 per cent of those given calcium carbonate and 111 20 per cent 
of those given magnesium oxide The temporal y neutralizing effects of 
the last two alkalis were more prolonged 

I obtained the gastric lesponse from day to day while the patient 
N\as on alkali therapy, but in the two cases studied longest, large 
frequent aspirations on account of partial pyloric obstruction depleted 
the chloride reserve Low chloride reserve diminishes acid seci etion ^ 
Therefore, these results are inconclusive as to the effect of alkalis 
per se on gastric secretion 

The observations of Friedenwald and of Lockwood and Chamberlin 
have formed the basis of one of the strong objections to alkali theiapv, 

16 Van Slyke, D D Studies in Acidosis J Biol Chem 30 289, 1917 

17 Myers and Gatewood Acid-Base Balance in the Blood of Peptic Ulcer 

Cases Treated with Alkalies, Paper at the annual meeting of the American Gastro- 
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18 Myers, V C , and Booher, L E Variations m Acid-Base Balance of the 

Blood in Disease, J Biol Chem 59 699, 1924 

19 Van Slyke, D D Variations of Acid-Base Balance of the Blood, J Biol 
Chem 48 153, 1921 

20 Friedenwald, J , Gantt, W H , and klornson, T H Studies m Fractional 
Analysis, Ann Clin Med 2 292, 1924 

21 Lockivood, A L , and Chamberlin, H G Effects of Alkali on Gastric 
Secretion and Motilitv, Arch Int Med 32 74 (July) 1923 
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howe^er, an inciease of acid secretion, which is likely a tempoiaiy 
affair, will not be a serious diawback if the neutralization of fiee acid 
IS obtained without pioducing other complications I have not found 
studies definitely indicating more frequent recurience of ulcer after 
treatment with alkali 

In the blood of patients under alkali tieatment, Sara M Jordan" 
found some increase of calcium, depression of chlorides, most maiked 
111 the first few days and then settling to a level, and elevation of 
carbon dioxide content In addition, Myers and Gatewood studied 
the pu, the nitrogenous products and other constituents of the blood 
which might play a part m pioducing symptoms of alkalosis 

I have followed the general chloride metabolism as closely as possible 
to determine the idle played by variations m the chloride balance A 
test meal of 50 cc of 1 per cent cooked corn starch, containing 1 cc of 
0 5 per cent phenolphthalem and neutralized until barely pink with 
tenth noimal sulphuric acid, was introduced into the stomach while fast- 
ing, through a Rehfuss tube after complete aspiiation After half an 
hour the gastric contents were withdrawn and a sample of oxalated 
blood was obtained The blood was kept from contact with air by the 
use of liquid petrolatum 


REPORT or CASES 

As an introduction to the discussion, excerpts from a few landom 
case histones will be given and some paitial observations tabulated 

Acute Hypochlo) enm with Nonital Caibou Dioxide Capacity — Case 1 — E G, 
a white man aged 26, had a condition that was diagnosed duodenal ulcer and 
irritable colon The urine showed a faint trace of albumin with sulphosahcyhc 
acid The blood showed nonprotein nitrogen, 31 3 mg per hundred cubic centi- 
meters (normal from 25 to 35) The kidnev function was 50 per cent phenol- 
sulphonphthalem output in two hours (normal from about 50 to 70 per cent) 
Sipp\ treatment vas started on March 8, 1926, with 55 soda units (40 grains 
[2 6 Gm ] of powder containing three parts soda and one part calcium carbonate) 
On klarch 10, the aspirations were acid On March 11, the milk “tasted bad,” 
nausea and a dull feeling in the head developed and the patient craved something 
saltj To date, the aspirations totaled 315 cc, representing about 15 Gm of 
sodium chloride (For convenience, all chlorides are expressed as sodium 
chloride ) The whole blood chlorides were 410 mg per hundred cubic centi- 
meters (normal about 450), and the plasma chlorides were 500 (normal about 
570) The carbon dioxide capacity of the plasma was 65 per cent by volume 
(normal from 55 to 65) The treatment with alkali was discontinued for two 
da\s and then the patient was given 43 units (30 grains [1 95 Gm ]) per dose 

On klarch 14 he complained of crampv abdominal pain with gas and said the 
bowels felt as though they w'ere “burning up” That night there were several 
waterv brown stools He complained of these symptoms more or less until he 
left the hospital Enemas of phjsiologic solution of sodium chloride and phenolated 
solution of iodine gave some relief On March 16, he was again given 55 units 
of alkali, because the aspirations remained acid practically all the time The dosage 
of pow'der was increased to 65 units on March 19 On the next da>, the carbon 
dioxide capacitv was 65 9 and the blood chlorides 440 Aspirations to date totaled 
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1,150 cc , representing about 6 Gm of sodium chloride There were no symptoms 
to suggest alkalosis On March 21, supplementary feedings were started and he 
tolerated the 65 units without difficulty 

Cask 2 — S B , a white man, aged 30, had a condition that was diagnosed 
duodenal ulcer and irritable colon The urine contained a slight amount of albumin 
on one occasion The blood showed nonprotein nitrogen, 34 1 , urea nitrogen, 16 3 
(normal from about 12 to IS) Sippy treatment was started on Nov 5, 1925, with 
55 units of alkali On November 7, tlie dosage of alkali was increased to 80 units 
On November 8, the patient complained of a “shaky sensation,” nausea and head- 
ache, and began to vomit Aspirations had totaled only about 0 25 Gm of sodium 
chloride The dose of alkali was reduced to 55 units, but he was still nauseated on 
November 9 The carhon dioxide capacity was onlv 63 5, so he was given 80 units 
per hour between 11 30 a m and 6 30 p m Headache, nausea, vomiting and 
weakness continued Finally, on November 11, he was put on a bland diet with three 
feedings per day and 83 units of alkali an hour after meals and at bedtime Two 
weeks later he reported that the symptoms of ulcer w^eie gone, but he had a 
burning sensation m the epigastrium The diagnostic fractional test meal had 
shown a free acid of from 72 to 116 units The alkali may have further increased 
the acid secretion after the period of temporarj' neutralization and caused burning 
distress The powdei w'as increased to six doses per day 

On Sept 16, 1926, he leturned with recurrent ulcer distress He vomited that 
night The next day the plasma chlorides wete 570 and the carbon dioxide capacity 
64 7, he w'as started on Sippy therap> with 55 soda units The next day he had a 
headache and w’as irritable The carbon dioxide capacity was 66 6 Because all 
aspirations were acid, the alkali w'as increased to 80 units on September 20 The 
urine was normal The next daj he felt that the cream did not “agree” wuth him 
M'holc milk W'as substituted foi the mixture of equal parts of milk and cream In 
tw'entj'-four hours, the blood chloiides had dropped from 430 to 360 and the carbon 
dioxide had risen from 617 to 68 4 Theic w'as increasing nausea B\ 4 p m, 
the carbon dioxide capacity W'as 70 3, but the blood chlorides w'cre i eported as 390 
The urea w'as 13 5 The intiavenous injection of 500 cc of 5 per cent solution of 
sodium chloride cleared up the general feeling of heaviness, the distaste for food 
and other symptoms of alkalosis within five minutes, but he complained of exces- 
sive thirst, tightness in the chest and had chilly sensations foi an hour He then 
felt all right and began to take the pow’ders and milk The blood chlorides w'ere 
now 460 and the carbon dioxide 66 6 Ihe range of tlic temperatme lemamed 
normal Hourly samples of urine, from 5 to 9 p m , showed the excretion of urea to 
be 2 6, 1 9, 0 87, 0 69 and 0 62 Gm , the excretion of chloride, 1 18, 1 62 1 12, 0 42 
and 0 41 Gm , consecutively The phenolsulphonphthalein output of the kidneys 
W'as 60 per cent for two hours At 9 p m , the blood chlorides were 380, but the 
next day they increased to 420, w'lth a carbon dioxide capacity of 62 7 

Because of the marked intolerance to alkali therapy, a gastro-entcrostomy 
was done 

The accompan}'!!!^ chait shows the obseivations m a case of chionic 
hypochloremia The blood chloiides weie fiom about 15 to 20 pei cent 
below 1101 mal, and had piobably been siibnoimal to that degiee foi some 
time, m view of the symptoms of drowsiness, nausea, headache and 
weakness The patient leceived Sippy lieatmcnt ovei a peiiod of two 
}eais He consulted me only foi diagnosis 

Table 1, case 3, shows the record on a case of acute hypochloiemia 
apparently resulting paitly fiom chloiide depletion and piecipitated and 
aggiavated by alkali 
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C \SL 3 — J B , a man, aged 48, a foreman in a forge shop, had a condition of 
fifteen j ears’ duration that was diagnosed ulcer, with a 75 per cent retention after 
SIX hours He weighed 110 pounds (49 9 Kg ), the ideal weight being 148 pounds 
(67 Kg) He had taken sodium bicarbonate for the relief of the condition The 
kidnev function was phenolsulphonphthalein return, 43 per cent in two hours 
The urine showed a gravity of 1012, without albumin The blood showed hemo- 
globin, 109 per cent, and red blood cells, 4,550,000 





KEY 


Total gastric Cl. Total acid Cl. 

Cell Cl o Cell volume percent. 

Whole blood Cl Plasma Cl. 


J T , aged 23, had a condition that w'as diagnosed irritable colon and duodenal 
ulcer (healed) of se\en j ears’ duration The patient w'as examined on Jan 26, 
1926 In the chart all chlorides are expressed in the equivalent of sodium chloride 
m milliurams per hundred cubic centimeters 


Alkalosis with Calcium Caibonatc — Case 4 — R M, a man, had a condition 
diagnosed duodenal ulcer and irritable colon Ulcer therapy was started on May 17, 
wuth calcium carbonate, 20 grains (13 Gm ) per dose On May 20, the blood 
chlorides w ere 420 and the carbon dioxide capacity 66 6 The dosage of calcium 
carbonate was increased to 30 grains (1 95 Gm ) per dose, because the free acidity 
was not neutralized On k^a^ 21, the blood chlorides were 410, the carbon dioxide 
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capacity, 791, headache, nausea and lassitude, sjmptoms of alkalosis, obtained To 
that date, aspirations fiom the stomach wetc small and there was no diarrhea ' to 
deplete the reserve of chloride 

AIKalos^ts with Stppv Pozvdos — Casc 5 — B B, a man, had a condition that 
was diagnosed duodenal ulcer Sippy therapy was started on Feb 27, 1927, with 
55 units On March 1, he had an uneasy feeling in the stomach and a dull head- 
ache The next day, the headache disappeared, but the uneasy feeling in the 
stomach continued The blood chlorides were 390, the carbon dioxide capacity, 
83 8 Alkalis were discontinued, and on March 3 the caibon dioxide capacity 
was 68 4 

In table 2, case 6, the cause of the alkalosis is not cleai Other factors com 
plicated the picture This case was carefully studied 

Case 6 — O kl , a man, aged 48, a foreman in a lumber j'ard, had a condition 
diagnosed duodenal ulcer, with a retention of 100 cc at 11 p m , he had also a 
deformed appendix, secondary syphilis and chronic tonsillitis He had taken 
sodium bicarbonate for relief from pain The test for kidney function showed a 
phenolsulphonphthalem return of 70 pei cent in two hours On May 19, 1927, 
the urine had a gravity of 1 006, without albumin , on May 27, the gravity was 

I 016, wuthout albumin On May 25, the blood showed 85 per cent hemoglobin , 
on klay 30, 95 per cent hemoglobin and 4,250,000 red blood cells 

Compctisaicd Alkalosis — Case 7 — R T, a w'onian, had a condition that was 
diagnosed duodenal ulcer with partial pyloric obstruction Sippy therapy was 
started on Jan 14, 1927 The carbon dioxide capacity was 61 4 , the blood chlorides, 
445, and the urea, 12 1 On January 17, the carbon dioxide was 73 and the 
chlorides 470, on January 22, 719 and 440, respectively The dosage of powder 
was then reduced to 40 units, and supplementary feedings were staitcd Appar- 
ently, aspirations had not been large enough to deplete the chloride reserve suffi- 
ciently to produce hypochloremia, and the alkalis caused no apparent disturbance 
of chloride metabolism Not until after a week of therapy did the patient show 
definite improvement of the pyloric obstruction On January 21, the aspiration at 

II p m jielded 180 cc , on January 24, 65 cc , and on the next day, 30 cc No 
symptoms of alkalosis developed with the increase of carbon dioxide capacity 
Theiefore, apparently there w'as compensation throughout the course of treatment 
at the hospital 

In the following case, I do not undei stand the low caibon dioxide 
leadings A check detennination by the cential laboiatoiy on June 14 
gave a lesnlt similar to mine My peisonal observations in this case, 
aside fiom the lesnlts tabulated, weie negligible The blood stigai was 
74 mg per bundled cubic centimeters (noimal fiom about 80 to 85) 
The urine showed no albumin or sugai on seveial examinations , no tests 
weie made for acetone bodies Diabetes would complicate the lelation- 
ship of the chloiides to the other obsei vations, since the blood of diabetic 
patients has a low chloiide content-^ An inanition acidosis might 
account foi the low leadings — the patient lost 6 pounds (2 7 Kg ) in 
the week befoie tieatment was staited Theie was no pyloiic 
obsti uction 

22 Host, H F Chloride Metabolism, J Lab & Clin Med 5 713, 1919-1920 

23 Eisenman, A J , Bulger, H A, and Petcis, J P Acid-Basc Equilibnum 
Studies, J Biol Chem 67 219, 1926 
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Case 8 — C A , a man, aged 46, had a condition that was diagnosed duodenal 
ulcer (without evidence of retention) Treatment for ulcer was started at 4 p m 
on June 13, 1927, uith calcium carbonate, 20 grains (13 Gm ) per dose On June 
15, the dose was increased to 30 grains (1 95 Gm ) No note was made of symp- 
toms of alkalosis The observations are shown in table 3 


Table 3 — Observations m Case 8 








Carbon 

Carbon 




Blootl 

Plasma 

Urine Nonprotem 

Urea 

DioMde 

Dioxide 


Date 

Tune 

Chloride 

Chloride 

Chloride Nitrogen 

Nitrogen 

Content 

Capacity 

Ptl 

G/14/27 

9am 

440 


35 7 

14 9 


44 5 


6/15/27 

4pm 

410 




43 85 


738 

C/lG/27 

Sam 

402 

525 

221 666 

217 

4SS 

65 0 

756 

6/18/27 

Sam 

444 

53C 

36 8 

210 

46 4 

49 5 

7 52 


COMMENT 

The study of these and other cases convinces me of the importance 
of chloride metabolism in a treatment for ulcers The intake of chloiides 
by patients on tbe Sippy milk diet without supplementary feeding is 
low — about 2 Gm instead of the optimum of 5 Gm or so per day — 
although an intake of only 1 25 Gm per day for several weeks has been 
tolerated Therefore, the Sippy milk diet probably supplies enough 
chlorides unless there is disturbance by the alkalis or depletion by vomit- 
ing, aspirations or diarrhea In spite of the success of Molnar and 
Csaki in controlling cases of simple hyperacidity by the restriction of 
the chloride intake, I favor, if anything, the addition of small amounts 
of sodium chloride to the powders and milk of patients on the Sippy treat- 
ment to insui e a positive balance until supplementary feedings are started 
There must be a marked depression of chloride reserve before gastric 
secretion is affected I believe from 5 to 10 Gm of sodium chloride 
daily will serve as a prophylactic against depletion and disturbances of 
chloride balance by alkali Ammonium oi calcium chloride must not 
be used for reasons considered later 

Sodium chloride is of value in the treatment of some patients with 
alkalosis It IS of greatest benefit in cases like 1 and 2 Results are 
fan in patients with marked depletion (case 3), and sodium chloride is 
of no definite benefit to patients with little or no depression in the 
amount of blood chlorides (case 6) 

In m} cases of ulcer theie seemed to be four types of alkalosis In 
the uncompensated type were found (1) those persons with normal 
plasma carbon dioxide capacity and a hypochloi emia which results from 

24 klajer, A Observations on the Urine with Salt- Poor Diet, Compt rend 
Soc de biol 58 377, 1905 

25 Molnar, E , and Csaki, L Hyperaciditj as a Disturbance of Chloride 
Metabolism, Ztschr f khn Aled 100 239, 1924 , abstr , J A M A 83 77 (July 5) 
1924 



WILDM AN— ALKALI IREAIMENI OP PEPIIC ULCER 625 


the alkalis themselves (cases 1 and 2) or partly {lom the depletion o{ 
a pyloiic obstiuction (case 3) , (2) those with high carbon dioxide 
capacity and hypochloiemia (cases 4 and 5) , (3) and possibly a type 
with no distinct change of caibon dioxide oi chloiide content (case 6 — 
only one case like this) (4) The compensated type has no symptoms 
leferable to alkalosis, and the caibon dioxide content is high with noi- 
mal amounts of chloiides (case 7) The patients with chronic alkalosis 
have a noimal caibon dioxide content and hypochloiemia (chait 1) 
The patient with a chionic case nith adequate quantities of chloiides in 
the supplementaiy feedings would probably not be benefited by fuither 
additions of sodium chloiide In the uncompensated type, the intiave- 
nous injection of physiologic solution of sodium chloiide gives pionipt 
results, howevei, caie must be taken not to give doses too laige, too 
fiequently oi m too concentiated a form, lest excessive thnst, tightness 
in the chest, conti action and buimng of the thioat and chilly sensations 
01 pyiexia, symptoms of acute hyperchloi emia, set m (case 2) The 
total amount lequiied may be gaged somewhat by the estimated chloride 
deficit (tables 1 and 2) A secondary fall of blood chloiides seveial 
houis aftei an injection may be expected, and sodium chloiide should be 
given until the symptoms of alkalosis have disappeaied or a noimal 
equilibiium of blood chloiides is i cached Caie must be taken not to 
go too far beyond this point, lest distuibed kidney function, edema, 
nausea and vomiting, marked sinus biadj^caidia and loweied blood 
piessuie, signs of “chionic” hypei chloremia, set in 

In the laboiatory diagnosis of alkalosis, the plasma caibon dioxide 
capacity^* is not a ciiteiion of alkalosis, neithei is the caibon dioxide 
content The foimer is noimally a little bit highei Both aie elevated 
in some types of alkalosis (cases 4 and 5), with a pioportionally gieatei 
diffeience in the gi eater degices of alkalosis (case 8) In patients with 
symptoms of alkalosis, I found, with one exception (case 6), an unusual 
depletion of blood chloiides, especially in the cells (chait 1) In the 
case not following this lule, I believe a simultaneous deleimination of 
caibon dioxide content and capacity would have levealed a dififeience 
greatei than normal, thus suggesting an inci eased latio of basic 
carbonates to caibonic acid, which in turn indicates an inci eased the 
tine measure of alkalosis Accuiate />n deteiminations aie difficult to 
make unless one is doing a numbei of them legulaily In compensated 
cases with high carbon dioxide leadings, one might find a noimal 
diffeience between the capacity and content 

26 Aknn Slykc, D D , and Neill, J M Determination of Gas in Blood by 
Vacuum Extraction and Manometuc Measurement J Biol Chem 61 523, 1924 

27 Hastings, A B , and Sendroy, J Colorimeti ic Determination of pn with- 
out Buffer Standards, J Biol Chem 61 695, 1924 Cullen, G E , and Biilmann, 
E Qumhvdrone Electrode foi Hydrion Determination in Seium, T Biol Chem 
64 727, 1925 



626 


ARCHIVES OF INTERNAL MEDICI RE 


The capricious variations of blood chlorides following intravenous 
injections of sodium chloride indicate that one can tell nothinc about 
the chloride leserve of the body by a simple analysis of the blood for 
chlorides One can tell little moie by following the chloride balance da} 
after day There is the suggestion of a shift in body chlorides caused 
by the alkalis (table 1), but where the storage places are is as puzzling 
as in the chloride letention of pneumonia-" in which the chlorides are 
also low The skin may take up a large part of it -® The uiine seems 
to be the most sensitive indicator of approaching alkalosis (the drop in 
the chloride of the mine should be noted in tables 1 and 2), but does 
not suggest the status of the chloride leserve or the blood chlorides 
The amount excreted m the stools is negligible and suggests that calcium 
carbonate does not reduce the absorption of chloride 

The odd change m the gastric response accompanying alkalosis is 
apparently due to the systemic action of alkali In the case m table 1, 
I do not understand the use and diop m free and total acid without 
an accompanying change m the total gastric chlorides There is a 
similar rise and diop in the acid of the contents of the stomach while 
fasting in the case reported in table 2, but in the test contents the acid 
uses with a slight diop on May 28 and a gieatei diop on May 
30 In stud} mg the acid secretion of several patients with ulcers, I 
thought I could detect, m the loutine aspiration at 4 p m , 9 p m 
and 11 p m (m patients with letention) a tendency of the acid secretion 
to use the day befoie the symptoms of alkalosis occurred This was 
particularly true of the aspiration at 11 p m, which may be taken to 
lepresent the contents of the stomach while fasting When alkalosis 
occtined, the acid secretion was much i educed These changes were not 
constant or definite enough to be of value m detecting the tolerance point 
to alkali Careful weighing of the evidence indicates that the local 
action of alkali, the local or systemic action of belladonna given to these 
patients and gastric fatigue played little, if any, pait m the reduction 
of the acid secretion In case 3, the depletion of chloride may have 
plaved a pait and the alkalis precipitated and aggiavated the condition 

A stud} of the dilution of phenolphthalem in the test meal yielded 
no obsenations of definite value Table 1 shows a slight use in the pei- 
centage of phenolphthalem when nausea began and a faiilv marked drop 
when the administiation of alkali was discontinued because of alkalosis 
Without chaiactei istic changes in volume, these obseivations are 

28 Sollman, Torald A Manual of Pharmacology, eel 2, Philadelphia, W B 
Saunders Company, 1922, p 777 

29 Goldschmidt, S , and Bingers, CAL Effect of Calcium on Intestinal 
Absorption of Sodium Chloride, Am J Ph 3 Siol 48 473, 1919 

30 Gorham, F D Factor of Dilution in Gastric Anahsis J A AI A. 41 
1738 (No^ 24) 1923 



]]' ILDMAN—ALKALl IREATMENF OF PEPIIC ULCER 627 


difficult to mteipiet The iiici eased peicentage with the onset of nausea 
might indicate a slowei emiDtymg of the stomach This suggests also a 
deciease of the volume of secietion, as the volume of contents is about 
the same oi lowei The faiily low peicentage and diop of volume when 
the doses of alkali weie discontinued may mean that the pyloiic obstuic- 
tion was beginning to yield to tieatment In case 6, a use 
occuiied when alkalosis appealed, howevei, with the piesence of 
epigastiic pain, it was thought that the ulcei lathei than the alkali 
might account foi most of the symptoms, so the alkali theiap) was not 
discontinued Theiefoie, the peicentage of phenolplithalein icmained 
high The inci eases m volume in the hist two days of symptoms sug- 
gest that the delay of the emptying time was playing a laige pait in 
the icsult, but the thud day the diop in volume hints that theie was a 
deciease of secietion It is pieposteious to tiy to estimate the volume 
of secietion m an aspiiation made aftei an inteival of half an houi, 
when one consideis that on the last day the patient in case 3 would 
have secieted 1,920 cc m the half houi intcival, and the one m case 6, 
3,950 cc in that time on the hist day 

The blood iiiea and nonpiotem nitiogen seemed to inciease only 
when theie was a maiked depletion oi when the alkalosis was maiked oi 
piolonged I'he mtiavenous injection of physiologic solution of sodium 
chloiide inci eased the excietion of uiea m case 2, but not much of 
the salt was pouicd out into the mine Appaiently, my cases weie 
not piofound enough to give evidence of kidney distuibance, and dam- 
aged kidneys played no pait in piecipitating the alkalosis ” 

With a deal pictuie of the symptoms and obseivations in mj cases, 
I shall now considei the pioblem of the pathogenesis of alkalosis 
Whethei theie is chloiide piivation,*^ depletion®- oi depiession 
by alkalis,’’ the symptoms aie much the same I theiefore feel justified 
in asciibmg much of the symptomatology to the hypochloiemia which 
lesults The unquestionable shift m balaiice between tissue and blood 
chloiides profoundly affects the neivous system, the vegetative poitioii 
of which seems to give the most positive signs of alkalosis An upset 
in the balance between the sympathetic and the paiasympathetic divisions 
can be made to explain many of the symptoms I believe that in 
alkalosis theie is a piimaiy stimulation of the sympathetic system 
followed by a depiession To stimulation one may asciibe the waim, 

31 Keefer, C S , and Bloomfield, A L Clinical Study of Gastric Function 
J A M A 88 707 (March 5) 1927 

32 Haden and Orr and MacCallum (footnote 3) Flastings, Muiiav and 
Murray (footnote 11) Houghton (footnote 12) 

33 Hardt and Rivers (footnote 2) Jordan (footnote 7) Grant (footnote 8) 
Venables (footnote 9) 
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dry skin, the primary state of lestlessness, nervousness, irritability, 
diarrhea, decreased lespiration (which may be due to the increased 
capacity of the blood to cair}/ carbon dioxide) and rapid pulse The 
sympathicotonic person is said to have a tendency towaid deficient 
acidity, a warm dry skin, a rapid pulse, is lively, excitable, has a rosy 
color, mobile dilated pupils, a fairly moist thioat and a diminished oi 
absent oculocardiac reflex He is sensitive to epinephrine, pituitaiy 
extract and thyroid 

In the moie toxic state m alkalosis there are marked mental dulness 
and stupor, muscular twitchings, marked sweating, slow pulse and 
maiked nausea and vomiting The last four of these symptoms are 
more apt to be found in the vagotonic patient, who is said to be cold- 
blooded and reserved, and often to have a low blood pressure, con- 
tracted pupils, deep-set eyes, slow pulse and a sensitive oculocardiac 
reflex He has a tendency to gastric hyperacidity, nausea and vomiting 
and his cool, pale skin sweats easily Respiratory arrhythmia, asthma, 
spastic constipation, high sugar tolerance and eosmophilia are said to 
be common among vagotonic patients The vagus may predominate in 
the profound degrees of alkalosis because of sympathetic depression 

The paresis of the posterior extremities observed by Froum ® m dogs 
suggests that the hypochloremia profoundly affected the spinal cord 
The sympathetic centers m the intermedio-lateral columns may be affected 
by the same process Several of my patients were given tincture of 
belladonna, but only m case 3 weie theie effects from atropine, as was 
indicated by a diy throat I am sure that belladonna played little part m 
the production of the symptoms noted 

In acute hyperchloremia the tight feeling m the chest and the con- 
traction of the throat may result from marked stimulation of the vagus, 
lemindmg one that the vagotonic patient is prone to have asthma In 
chronic hyperchloremia, I do not believe that the vomiting, sinus 
bradycardia and lower blood pressure are due to vagus stimulation 
alone, although the vagotonic patient has a tendency to nausea and 
lomitmg, slow pulse and low blood pressure I do not know whether 
kidney dysfunction is piimary or secondary, but surely it is aggravated 
and prolonged by the overload of chlorides 

In patients with definite hypochloremia (below 420), there were 
lassitude, restlessness, a dull feeling in the head irntability, distaste foi 
food, nausea and vomiting, dulness, Aveakness, “shaky sensations,” and 

34 Purves-Stewart Diagnosis of Nervous Diseases, ed 6, London, Edward 
Arnold and Compam% 1924, p 445 

35 Eppinger and Hess A Clinical Studj in Vegetative Neurolog}' (Mono- 
graph on Vagotonia), New York Ner\ous and Mental Disease Publishing Com- 
pany 
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m one case a ciavmg for salt The secietion of acid was diminished 
and the volume of secietion seemed to be lessened In chronic alkalosis, 
there weie weakness and cramps in the legs, diarrhea, dyspnea on exei- 
tion and other signs of weakness Fiouin,® expei imentally, obtained 
lassitude, irritability, loss of appetite, dulness, musculai weakness, 
achlorhydiia, trembling, paresis of the postenoi extiemities. convulsions 
with fits of angei and diminished volume of gastric secietion What a 
close parallel to the symptoms found in clinical cases, even to the 
achlorhydria towaid which case 3 was progiessing rapidly when salt 
solution was given' If one allowed the hypochloremia to become pro- 
found enough or last long enough one might get paresis of the legs and 
tetany ® When p-^, readings were taken, they ranged tiom about 7 52 to 
7 64 (the uppei limit of normal being 7 47^°), and thus were well 
below 7 8 the point at which tetan} occiii s 

The question of the salts most useful m alkali treatment has been 
1 ei lewed in this study Potassium salts may at once be dismissed 
because of their toxicity and high cost Sodium salts have already 
proved their value, but in spite of the fact that soda gives more rapid 
relief, its action is not so prolonged, it seems to produce diarrhea in 
some cases and it is so readily absorbed that it appears to produce 
alkalosis moie easily The importance of sodium chloride has already 
been discussed 

Calcium salts have pioved their usefulness, but aie not without 
fault In spite of the fact that the caibonate is said not to be so 
readily absorbed,^’ it can produce alkalosis on doses little, if any, higher 
than those with the mixed powders of Sippy (neutralizing power of 
calcium carbonate two and a half times that of soda) I have no com- 
parative studies to show the relative ease with which each salt might 
produce alkalosis in a given case Several times at this hospital I have 
noted calcified concretions m the appendixes of patients who have taken 
calcium carbonate for gastro-intestinal conditions Although most of 
the calcium is said to be excreted in the stools, some of Jordan’s cases " 
showed distinct rises of blood calcium Perhaps these are the persons 
in whom alkalosis from calcium carbonate is more prone to develop 
This salt is said to have a constipating action, hoMerer, this fact is 
denied by Loevenhart and Crandall 

In spite of objections, I believe calcium carbonate is to be preferred 
When I compare cases 3, 4 and 6 with cases 1, 2 and 5, I believe that 
alkalosis occuis less readily by the omission of soda Suiely, the hypo- 

36 Sollman (footnote 28, page 787) 

37 Loevenhart, A S , and Crandall, L A Calcium Carbonate in Treatment 
of Hyperacidity, J A M A 88 1557 (May 14) 1927 Ahers and Gatewood 
(footnote 17) 

38 Loevenhart and Crandall (footnote 37, first reference) 
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chloremia seems to be less and the s)nnptoms of alkalosis not as acute 
Perhaps the chlorides were made more stable by the use of calcium 
carbonate alone Perhaps calcium salts might help to pi event tetany,® 
for de Geus did not obtain tetany with a blood calcium above 8 mg 
per hundred cubic centimeters unless there was an excess of sodium 
This means that if attempts are made to tieat medically peisons who 
have the mildei degrees of pyloric obstruction, it is best to omit sodium 
bicarbonate, and that it would be justifiable to use small amounts of cal- 
cium chloride with the sodium chloride and dextrose in severe cases m 
which the patients are being prepaied for operation 

Other arguments for the use of calcium carbonate are its greater 
and more prolonged neutralizing power In spite of still greater 
neutralizing power and laxative properties, magnesium oxide should be 
condemned for use in the powders With its use I have had irritable 
colon and chronic colitis develop m cases in which they did not exist 
before Othei means should be used to keep the bowels regular, such 
as mineral oil, stimulating enemas of cool water or oil retention enemas, 
suppositoiies, and, later in the tieatment, additions to the diet 

With regard to the most desiiable acid radical in the alkaline salts, 
the carbonates have been the most favored, as well they might be They 
are less toxic and more effective than others which might be used 
Phosphates have been used, but have given only fair lesults because 
of their extremely low neutralizing value and very slow action 
Citrates have been used in very small doses m the treatment for peptic 
ulcer 

Both acid and basic chlorides are lost in aspirations and vomiting 
Sodium chloride can therefore make up only part of the deficit, and 
thus accounts for the partial success in depletion (table 1) Youmans *- 
and others have used ammonium chloride, theoretically the ideal salt, 
because the liver converts the ammonium ion into urea, leaving the 
chloride ion free to make up the disproportionate deficit of chloride 
But this action of the liver protects the body against the toxic ammonium 
ion which makes patients with alkalosis feel worse Given by mouth 
the general circulation is better protected, but the nauseating taste con- 
traindicates its use by this route The livers of patients with ulcers 
are frequently damaged and I believe it unwise to impose this extra 
burden A patient with sprue ( with alkalosis complained of severe 
contraction and binning of the throat, and said "eveiything turned 

39 De Geus, J G F Tetauv and Alkalosis, Nederl maandschr v Geneesk 
13 361, 1926, abstr, J A M A 86 1955 (June 19) 1926 

40 Shattuck, H F , Rohdenburg, E L , and Booher, E E Antacids m 
Medical Management of Ulcer J A M A 88 200 (Jan 19) 1924 

41 Vanderhoof, D Medical Cure of Duodenal Ulcer, J A M A 89 344 
(July 30) 1927 

42 Youmans, J B , and Green, F W Treatment of Gastric Tetany with 
Ammonium Chloride, J A M A 84 808 (March 14) 1925 
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black” when she was given ammonium chloride mtravenousl}" accoiding 
to the method of Youmans Theie may be a judicious balance between 
sodium and ammonium chlorides, permitting their use together with 
better results than either one singly 

Calcium chloride must be used judiciously — when used in the case 
just mentioned to stop tetany it produced burning of the hands, feet and 
rectum, a hot feeling all ovei, vomiting, grasping for breath, inegular 
pulse rate and foi two days a lower range in temperature On account 
of its disagreeable taste, I do not believe that calcium chloiide should 
be given by mouth 

SLMMARY AND CONCLUSIONS 

Much moie work is needed to settle the questions laised by this 
study, but the following deductions are suggested by the observations 
thus fai 

1 There must be a marked reduction of the chloride reser\e m the 
body before gastric secretion is definitely affected, and then theie is a 
drop m the fiee and the total acid without the reduction of the total 
chlorides, accompanied by the symptoms of alkalosis The systemic 
action of the alkali used in the treatment for peptic ulcer apparently 
precipitates and aggravates this reaction There is a vague suggestion 
of decreased ^olume of secretion The acid secretion of patients with 
peptic ulcer cannot be controlled by restriction of the chloride intake 

2 In cases of alkalosis without such profound depletion theie is a 
suggestion of a similar phenomenon, particularly m the “fasting” 
contents 

3 A patient might remain on the Sippy milk diet indefinitely without 
chloride depletion, but in patients with nausea and vomiting, dianhea 
or pyloric obstruction, one must take into account and make up the 
chloride deficit by giving sodium chloride if one expects the patient to 
continue to tolerate alkalis Calcium and ammonium chlorides, if used 
at all, should be used sparingly and only after consideration of indica- 
tions and contiaindications in the individual case 

4 Alkali therapy might tend to decrease the free and the total acid 
secretion of the stomach while fasting, but longer periods of study are 
necessary to deteimine whethei the gastric response to stimulation of 
food and alkali is definitely affected 

5 If It were possible to get samples of gastric contents fiee of 
mucus, saliva and duodenal regurgitation, one might get more definite 
relationships between total acid chlorides and total gastric chlorides, but 
present methods preclude this possibility 

6 A study of the relationship of the excretion of chloride to blood 
chlorides has not given a definite idea of the chloride reserve of the 

43 Weitz, W , and Kisshng, W Chlorides and Hyperacidity, Munchen med 
Wchnschr 72 2177, 1925 , abstr , J A M A 86 455 (Feb 6) 1926 
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body, but the urine chlorides are markedly decreased when there is 
hypochloremia, which is an early sign of appi oaching alkalosis Chloride 
excretion in the stools is negligible and does not suggest diminished 
absorption of chlorides from the use of calcium carbonate 

7 When the secretion of gastric acid is reduced in hypochloi emia, 
the ratio of cell to plasma chlorides is reduced A similai reduction 
of tissue cell to tissue fluid chloride, especially in sensitive nerve cells, 
may be the basis of the symptoms of alkalosis I therefore, feel justi- 
fied in ascribing symptoms to the effect of the hypochloremia which is 
a common accompaniment of uncompensated alkalosis — only one of my 
patients failed to have low blood chloride values, and here the pic- 
ture was not clearcut on account of the symptoms of accompanying 
conditions 

8 In hypochloremia there may be a normal carbon dioxide capacity 
of the plasma with symptoms commonly ascribed to alkalosis There- 
fore, the caibon dioxide capacity is not a reliable index of alkalosis 
When determinations of the carbon dioxide capacity and content are 
taken simultaneously, the former is a little bit the higher Both are 
elevated in profound or prolonged hypochloremia with a proportionately 
greater difference between the two The p-a is increased 

9 The occasional patients reacting to alkali therapy with hypo- 
chloremia and normal carbon dioxide capacity commonly have func- 
tional gastro-intestinal disturbances and probably have unusually sensi- 
tive vegetative nervous systems 

10 In one of these cases, sodium chloride given intravenously 
piomptly cleared up the symptoms of alkalosis In patients with 
chloride depletion the results are not so clearcut, and in a patient with 
noimal blood chlorides the results were disappointing 

11 Patients with hypochloremia with symptoms of alkalosis were 
noted by the neuropsychiatrist to be “sympathicotonic,” or to have 
“probable dysfunction of the vegetative nervous system ” Symptoms 
of hypochloremia and alkalosis may be explained on the basis of 
primary stimulation of the sympathetic nervous system followed by 
depression in the more toxic states 

12 Some symptoms, such as weakness and ciamps in the legs, with 
the previously mentioned condition of the vegetative nervous system 
suggest toxic action on the lateral columns and funiculi of the spinal 
cord 

13 Even patients with partial pyloric obstruction respond very well 
to the Sippy alkali treatment I believe his general plan of treatment 
to be without a peer, and consider calcium carbonate used alone the 
alkali of choice From six to eight weeks of intensive therapy with 
gradual reduction of powders and return to normal diet in about a 
jear seems to suffice if all foci of infection are cleaied up 
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As eail} as 1856, Chameau ^ lepoited that theie was moie dextiose 
in arteiial than in Acnous blood Although his obseivations weie 
known to Bang' and ha\e been ampl} confiimed b}’^ subsequent inves- 
tigators,^ their implications have been almost entiiely ovei looked by 
most clinical obseiveis especially m this counti} 

It has been definiteh established by Hagedoin,^ Foster and otheis 
that m the noimal person in the postabsoi ptive state arterial (oi 
cutaneous®) and ^enous blood diftei little, if at all, m their sugai con- 
tent After a meal containing carboh)^diate, howevei, the sugar cuive 
of the aiteiial blood uses moie than that of the venous blood A 
definite positive arterial-venous dilleience is established This diftei- 
ence is the most diiect eMdence that the tissues aie actively lemoMiig 
dextiose from the blood and that this piocess of lemoval is lapid 
enough to be easil} measurable 

In an eailici communication" we desciibed a pioceduie foi the 
deteimination of aliinentaiy cutaneous and venous blood sugai cuives 
and its application to ccitain clinical and physiologic pioblems Venous 
and cutaneous bloods, obtained as iicail) simultaneously as possible. 

Submitted for publication, Oct 1, 1928 

1 Cbauvcau Compt rend Soc dc biol 42 1008, 1856 

2 Bang, I\ar Der Blutsuckcr Wiesbaden 1913 

3 Hagedorn, H C Ugesk f Lacgci 82 796, 1920 Fostei G L J Biol 
Cbem 55 291 and 303, 1923 I-Iolst, J E Hospitalstid , Copenhagen, 1922, a^oI 
65 p 577 Lawrence, R D But M J 1 516, 1926 Rabinowitch, I jM 
Bnt J E\per Path 8 76, 1927 Fiiedcnson, MAer, Rosenbaum, M K 
Thalheimer, E J , and Peters, J P Cutaneous and Venous Blood Sugar Ciha es 
I, J Biol Chem 80 269, 1928 

4 Flagedorn (footnote 3, first reference) 

5 Foster (footnote ibree, second reference) 

6 Both Hagedorn and Foster have shown that as fai as sugai content is 
concerned arterial and cutaneous blood are piactically identical 

7 Fnedenson, Rosenbaum, Thalheimei and Peters (footnote 3, sixth refer- 
ence) 
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were anal} zed for dextrose by a microinodification of Benedict’s ® blood 
sugar method, leported m 1925, before, and at half houi intervals after, 
a meal consisting of either 50 Gm of dextrose oi mixed foods contain- 
ing from 75 to 110 Gm of carbohydiate The effects of the two 
types of meals were not distinguishable 

It was found that the artenal-venous dififeience during fasting was 
usually negligible, but might be consideiable If a difference did occui 
It was usually positive (arterial > venous), although negative 
(venous > arterial) differences were occasionally observed At either 
thnty or sixty minutes after the meal, or both, a positive difference, 
var}ing in magnitude horn 6 to 50 mg pei hundred cubic centimeters, 
was always encountered, geneially coinciding with the highest blood 
sugai determination This difference was found even when hyper- 
glycemia was minimal Aftei ninety minutes, when two thirds of the 
curves had returned within the noimal fasting range, the arterial- venous 
difference had usually disappeared and occasionally had become negative 

It was found that insulin, given to a normal person during fasting, 
usually caused a demonstrable positive diffeience during the hypogly- 
cemic state 

A group of patients with disease of the liver showed excessive or 
prolonged hyperglycemic reactions, but normal ai terial-venous differ- 
ences This was interpreted as evidence of impairment of the ability of 
the liver to lemove dextrose from the blood for stoiage as glycogen, 
without distui bailee of the mechanism for the mobilization of dextiose 
into the muscles and other tissues 

Holst ® and Lundsgaard and Holboll claimed that the arterial- 
venous difference cannot be demonstrated m diabetic patients after 
meals, but is lestored by the administration of insulin Rabinowitch 
showed that this is not an absolute distinguishing featuie of diabetes 
He found differences in certain mild cases of diabetes These diffei- 
ences, however, were in general smaller than normal, and were often 
entirely lacking 

In the piesent paper are described the aiteiial (cutaneous) and 
venous blood sugai cuives of diabetic persons, with and without insulin 
therapy, and of patients with glycosuria of doubtful nature 

Chait 1 shows sixteen experiments on fourteen patients with so-called 
benign glycosuria One patient (case 12) has not returned for observa- 
tion The fact that he had hyperglycemia during fasting and excessive 
alimentary hyperglycemia suggest that he was diabetic m spite of the 
fact that the curve returned to a normal or relatively hypoglycemic level 

8 Benedict, SR J Biol Chem 64 207, 1925 

9 Holst (footnote 3, third reference) 

10 Lundsgaard, C , and Holboll, S A J Biol Chem 65 323, 1925 

11 Rabinowitch (footnote 3, fifth reference) 



FRIEDENSON ET AL —BLOOD SUGAR CURVES 


635 


at the end of ninety minutes EV (case 7) evidently developed an 
excessive piolonged hypeiglycemia after the ingestion of food, and the 
glycosuria was not entiiely uniesponsive to dietaiy influences Never- 
theless, even in the postabsoi ptive state, when the blood sugar was 
within the noimal fasting lange, sugai was found in the uiine The 
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Cliarl 1 —Blood sugar cuivcs of patients with borderline glycosuria A — A and 
V— V represent cutaneous and venous blood sugar curves, respectively The solid 
area shows the normal limits as determined in this laboratory (Benedict J Biol 
Chem 64 207, 1925) The upper border of the area gives the highest observed 
cutaneous \alues, the lower border, the highest observed venous values The 
case numbeis are given above the curves 

long duiation of the glycosuria without the appearance of diabetic 
symptoms and its i dative failuie to lespond to dietaiy measuies aie 
evidence that it is nondiabetic and belongs to the class of “cyclic renal 
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gtycosurias” described by Hatlehol All these patients, whether 
diabetic or not, developed distinct arterial-venous dilferences 

Only one case of the group (RW, case 5), seems rightfully to 
belong in the class of renal glycosurias Although this patient’s curve is 
somewhat prolonged, it never rises above the range of normal ahmentaiy 
hyperglycemia Nevertheless, he showed glycosuria both before and 
aftei the meal He developed a small, but distinct, arterial-venous 
difference at the end of thirty minutes If only the venous curves of 
cases 14 and 6 were taken into consideration, it would be easy to con- 
clude that the hyperglycemic reactions were normal If glycosuria had 
occuired, it would have been as easy to conclude that it was of renal 
origin However, the arterial cuives in both cases rose distinctly higher 
than those of the noimal persons in whom investigations weie conducted 
by the same method 

It must be obvious that, if an arterial-venous difference is character- 
istic of the alimentary hypei glycemic leaction, a diagnosis of “renal 
gl 3 ^cosuria” cannot be made from studies of venous blood sugar alone, as 
has been the custom in this countr)'’ This is especially true if the 
gl) cosuria is of the cyclic type, i e , if it occurs only after the ingestion 
of caibohydrate It is presumably the concenti ation of dextrose in the 
blood that goes to the kidneys and not that which comes from the 
tissues that determines the excretion of sugar m the urine Hatlehol 
also called attention to the fact that the peak of alimentary hypei - 
glycemia may be extremely evanescent It is, therefore, necessary not 
only to examine cutaneous blood, but to examine it at shoit intervals 
(every two to ten minutes) to establish a diagnosis of cyclic renal 
gl} cosuria in a person who does not show glycosuria in the postabsorptive 
state 

It IS also evident that certain subjects may, without the appearance 
of glycosuria, develop excessive or prolonged alimentary hyperglycemic 
reactions that manifest themselves only in the cutaneous blood sugar 
curves 

According to all the usual ciiteria, the patient in case 13 had benign 
glycosuria Over a period of more than three years, sugar was found 
in the urine at intervals aftei meals , hoivever, he never had symptoms of 
diabetes The blood sugar during fasting was repeatedly detei mined 
and almost invariably fell within the normal lange, although his diet 
Avas nevei lestricted In the three studies made on this subject, the 
alimentary hyperglycemic reaction was completed within ninety minutes, 
and in only one did the blood sugar reach an excessively high level In 
spite of all these indications that the gljcosuiia w^as benign and not of 
the diabetic type, he developed little artei lal-venous difference In fact, 

12 Hatlehol, R \cta med Scandinav, 1924, supplement 7 
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at the time he had the excessive hyperglycemia, he presented a persistent 
negatne difference Current tlieories, which hold that insulm affects 
especially the mobilization of sugar into and its utilization by the tissues, 
would lead one to conclude that these phenomena were evidences of a 
true diabetic state or lack of insulin In the postabsorptive state, when 
the subject was given 10 units of insulm a striking degree of hypogly- 
cemia and distinct symptoms of insulin shock develop, manifestations of 
an unusual susceptibility to the pancreatic hormone Two hours after 
the dose of insulin and after he had taken considerable carbohydrate to 
overcome its effect, he showed moderate hyperglycemia and a positive 
arterial-venous difference of 25 mg 

The simultaneous studies of cutaneous and venous blood sugar curves 
have not, therefore, proved of great assistance in differentiating benign 
from diabetic glycosuria They have demonstrated that determinations 
of the cutaneous blood sugar are of more value than those of the venous 
blood sugar in such differentiation In fact, it is doubtful whether much 
significance can be attached to venous curves unless they show definite 
hyperglycemia Certainly, determinations of the cutaneous blood sugar 
are far moie reliable diagnostic measures 

Chait 2 presents the results of fifteen studies of ten patients with 
diabetes Cutaneous and venous curves were obtained usually after 
the ordinary mixed breakfast of the diabetic diet In two mild cases, 
50 Gm of dextrose was given instead In only two instances did the 
patients exhibit a significant degree of glycosuria, although none recen ed 
insulin during the test All the subjects had definite hyperglycemia 
during fasting, in spite of the fact that they had been on limited diets 
before the experiments 

All but two of the subjects showed large arterial- venous differences 
after meals The two who failed to show such differences were, oddly 
enough, those with the smallest hyperglycemic reactions and with 
decreased blood sugar during fasting (cases 17 and 18) The magnitude 
of the arteriaM enous difference cannot be used, therefore, as a ciitenon 
of the se^ellty of a diabetic condition, nor is the failure to show such 
a difference characteristic of diabetes 

It IS interesting to note that in the two mild cases of diabetes men- 
tioned, cases 17 and 18, improvement of the diabetic condition was 
marked by an inciease in the arterial-venous difference rather than by 
any change in the degiee or duiation of the arterial hyperglycemic 
reaction In case 19, with improvement the difference increased and 
the hyperglycemia diminished 

Although large arterial-venous differences occurred in the most 
extreme hyperglycemic reactions, they presented certain peculiar 
characteristics not observed in normal persons, borderline cases or 
extremely mild cases of diabetes In cases 23 and 24 the curves showed 
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diftei dices of considerable magnitude at the end of thirty minutes At 
the end of sixt} and of ninety minutes, these differences had been almost 
entirely abolished, although the arterial hyperglycemia had not dimin- 
ished or had e\ en increased The ability of the tissues to remove sugar 
f 1 0111 the blood in these patients, although not entirely lost, appeared to 
be limited m extent and was rapidly exhausted 
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Chart 2 — Blood sugar curves of diabetic patients A — A and V — N represent 
cutaneous and \enous blood sugar curves, respectively The case numbers are 
given abore the curves 

In mild diabetes, then, the ability of the tissues to remove sugar from 
the blood, as evidenced by the development of an arterial-venous differ- 
ence after meals, is seldom abolished It is usually apparent only at a 
higher blood sugar level than that required to produce it m the normal 
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pel son If this weie not the case, artei lal-venous differences during 
fasting would be obseived more often In some instances, it seems to 
be moie rapidly exhausted than normally Even in the diabetic patient, 
it IS impossible to deteimine leiial thresholds or the degiee oi extent 
of hypeiglycemic leactions from studies of the venous blood alone 
Table 1 illustrates the effects of insulin followed by a meal on the 
cutaneous and venous blood sugar of patients with diabetes of vaiiable 
seventy, but sufficiently giave to lequire tieatment with insulin The 
blood sugai measurements weie taken at diffeient inteivals aftei doses 
of insulin and aftei bieakfast Both the insulin dosage and the meals 
wei e those which the patients were regularly receiving at the time of the 
obseivations on the blood sugai In only one instance, case 27, did 
appieciable glycosuiia lesult, and in no case did the blood sugai fall 
to hypoglycemic levels during the period of obseiwation 

With the exception of case 28, the diets vaiied but little caibohydiate 
fiom 33 to 51, piotein from 19 to 23 and fat from 41 to 65 Gm The 
insulin dosage, howevei, vaiied fiom 5 to 45 units Although the doses, 
judged by then effects on glycosuria and glycemia, seemed to be well 
adjusted to the needs of the patients,^® they bore no i elation to the 
blood sugai level during fasting This is only one illustration of the now 
well recognized fact that insulin dosage cannot be calculated in advance 
from eithei the blood sugar level or the diet, oi both, but must depend 
on the natuie of the disease in the given person 

Positive aiterial-vcnous diffeiences duiing fasting weie encounteied 
with fai greatei fiequency in this group of patients than in normal 
pel sons, patients with boideihne glycosurias oi even mild cases of 
diabetes Lawience^^ lepoited similar results This is stiangely at 
variance with the geneially accepted view that the most chaiacteiistic 
functional distuibance m diabetes is an impairment of the ability of 
the tissues to remove dextrose from the blood and utilize it Such 
laige aiteiial venous diffeiences can mean only that the tissues aie 
actively absoibing sugai If the figuies aie caiefully analyzed, there 
seems to be a tendency for laige diffeiences to occui moie fiequently in 
patients with high blood sugai levels during fasting This is cleaily 
bi ought out by the figuies compiled in table 2 from the studies of all 
the patients with diabetes 

From the data in table 2, one might infei that the diabetic patient 
has not lost the powei of mobilizing dextiose into the tissues, but 
lequires a highei concentiation of sugar m the blood to activate the 
mechanism foi the lemoval of dextrose When the blood sugai uses 

13 Case 27 is an exception On the day of the test, a lapidly spreading 
cellulitis developed in a gangrenous foot, necessitating a rapid increase of the 
insulin dosage 

14 Lawrence (footnote 3, fourth reference) 
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* Insulin was given immediately after the first estimation of blood sugar was taien (calcu 
latcd m mg per hundred cubic centimeters), breakfast was given immediately after the thirtv 
or sixty mmute estimates of blood sugar, as indicated 
t One hundred and five mmutes 
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above this concenli ation, a positive arterial- venous difference appears 
wliethei the hypeiglycemia follows the ingestion of food or develops 
duiing the fasting state Theie are, of comse, exceptions to the rule, 
foi example, the patient in case 32, who had the highest observed 
hypeiglycemia during fasting, exhibited a negative difference One 
would expect such vai lability In this case, the threshold for the activa- 
tion of the mechanism foi the removal of sugar may have been still 
highei 

A definite positive difference was established after doses of insulin 
and a meal m nine of eleven instances In one no difference was 
observed and m another negative differences only In only five expeii- 
nients was a significant dift'eience found after the administration of 
insulin alone It cannot be inferied fiom this, however, that insulin 
failed to pioduce such a diffeience In all but two experiments, break- 
fast was given thirty minutes aftei doses of insulin, m these two it 

TABLn 2 — Study of Pahenis with Diabetes 


Arterial-Venous Diftcrence 

A 


Number of 

Fasting Cutaneous 

f 


A 

" > 

Observations 

Blood Sugar 

Maximum 


Minimum 

Average 

16 

> 181 

18 


— 1 

4 

9 

< ISO 

12 


—10 

10 

11 

> 181 


> 5 



5 

> 181 


< i 



3 

< ISO 


> 5 



0 

< 180 


< i 




was withheld foi an houi In both the lattei, cases 28 and 30, a 
large diffeience was pioduced at the sixty minute period It seems 
not improbable that an interval of moie than thiity minutes is requiied 
befoie the action of insulin becomes evident in the aiteiial-venous 
difference 

In spite of the fact that an aiteiial- venous diffeience became evident 
usually only after more than thiity minutes had elapsed, a distinct 
decrease in blood sugai was demonstrable almost invariably at the thirty 
minute point This might be intei preted as an indication that the initial 
action of insulin is exeited on the livei and not on the tissues Such 
a conclusion, howevei, must be accepted with caution Undoubtedly, 
all the leactioiis involved in the disposal of caibohydiate are in mutual 
chemical and physiologic equihbiium Changes in the system are only 
relative and not absolute Diminution of the destiuction of hepatic 
glycogen will have the same appaient effect, for example, as the 
increased foimation of hepatic glycogen It may be that insulin, by len- 
dermg carbohydrate available to the tissues, removes the stimulus which 
has in the diabetic patient led to hepatic glycogenolysis and the con- 
sequent pioduction of hypeiglycemia It also acceleiates the combustion 
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and storage of carbohydrate m the tissues There may be, howevei, 
such a large excess of sugar available in these tissues that, for a time, 
it IS unnecessary to draw on the store of blood sugai sufficiently to pro- 
duce a perceptible ai terial-venous diffeience 

Such an explanation would suffice for most of the experiments At 
fiist sight it is hardly satisfactory in the instance of case 27, in which 
there was a continuous!}’’ negative difference On the day of the experi- 
ment, in this case, rapidly spreading cellulitis developed, attended by a 
sudden reduction of carbohydrate tolerance Forty-five units of insulin, 
which had pioved an adequate dose previously, was totally ineffectual in 
checking glycosuria on this day The negative difference, then, is an 
expression of the absence of the effect of insulin Under these circum- 
stances, apparently, the tissues lose sugar to the blood, a phenomenon 
which, although contrary to physiologic conceptions of carbohydrate 
metabolism, has been noted in othei connection in these studies ® 

SUMMARY AND CONCLUSIONS 

Aiterial (cutaneous) and venous blood sugai cuives have been 
studied aftei the administration of dextrose oi mixed meals in patients 
with nondiabetic glycosuria and with diabetes, with and without insulin 
therapy 

The piesence or absence of a jDositive arteiial-venous blood sugar 
difference after meals cannot be used to distinguish benign glycosuria 
iiom diabetes 

In patients with benign glycosuiia, the ai teiial-venous difference 
may be so great that the venous blood sugai, detei mined at thirty 
minute intervals, may neA’er show hyperglycemia that is strikingly 
evident m the venous sugar curve For the differentiation of types of 
benign glycosuria, venous sugar cuives aie of little value 

In mild diabetes, arteiial- venous differences can usually be demon- 
strated at an abnormally high level 

Aftei the administration of insulin, such differences develop at lower 
le\els Insulin, however, may lowei the blood sugai level without 
causing an appreciable difference 

REPOKl or CASES 

Case 1 — A girl, aged 4, was admitted to the hospital on Aug 1, 1927, in June, 
1927, her mother had noted slight polj^dipsia, and frequencv of urination and 
glycosuria were discovered One maternal aunt was known to have diabetes 

Physical examination revealed nothing of significance except adhesions of the 
labia minora and slight vaginal discharge, in which no gram-negative diplococci 
were found 

On diets containing 35 Gm of protein, from 85 to 115 Gm of fat and from 
70 to 75 Gm of carbohj drate, all samples of urine gave from ± to 2 reactions 
with Benedict’s test and from ± to -|- nitroprusside tests for acetone Increasing 
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the diet to 250 Gm of carbohydrate had no apparent effect on the gljcosuria 
When from 5 to 10 units of insulin were given before breakfast, earlj morning 
samples continued to be from di to 2 +, but the patient remained free from 
glycosuria throughout the dav 

The blood sugar levels during fasting were August 3, 70 mg per hundred cubic 
centimeters, August 11, 97 mg , August 31, 65 mg 

After being discharged from the hospital on September 1, the patient continued 
to show from ± to + reactions with Benedict’s test on a diet in which the carbo- 
hydrate was allowed to increase to 200 Gm or more The glycosuria did not 
become greater, nor had diabetic symptoms appeared on this regimen by June, 1928 
The dextrose tolerance test was made on Aug 16, 1927, but was not complete 
because difficulty was experienced in obtaining samples of venous blood 
The diagnosis was “borderline” glycosuria (diabetes?) 

Case 2 — H R, a boy, aged 12, first seen in the clinic on July 12, 1927, had 
been troubled for many years with attacks of hay-fever, during some of wdnch a 
slight degree of glycosuria was noted Diabetic symptoms never developed, but 
his mother restricted the carbohydrate of his diet, believing that this relieved the 
hay-fever His father w'as mildly diabetic, and a maternal uncle, who proved to 
have hemochromatosis, had died in diabetic coma during an attack of lobar 
pneumonia 

Table 3 — Results of Benedict’s Test 





7 11 a m 

11^ pm 

49pm 

9 7am 

Feb 

5 on an unlimited 

diet 


4+ 

Complete 

reduction 

4+ 

Feb 

6, protein, 90 Gm , 
hydrate, 200 Gm 

fat, 200 Gm , 

carbo ± 

Complete 

reduction 

4 + 

2-i- 

Feb 

7 protein, 90 Gm , 
hydrate, 200 Gm 

fat, 200 Gm , 

carbo- Complete 
reduction 

Complete 

reduction 




A dextrose tolerance test was made on February 7 


Physical examination gave essentially negative results 

On July 18, the blood sugar during fasting was 82 mg per hundred cubic 
centimeters While on a diet estimated to contain 80 Gm of protein, 125 Gm 
of fat and 165 Gm of carbohydrate, urinalyses showed on July 17, at noon, 
Benedict’s reaction, 0,6p m,-|-,10p m,±, July 18, 8 a m , 0 

A test for sugar tolerance was made on July 22 After this, the patient became 
and remained continuously aglycosunc on a diet containing 75 Gm of protein, 
125 Gm of fat and 175 Gm of carbohydrate In October, 1927, he was still 
aglycosunc, although he frequently overstepped his diet 

The impression was that the condition w'as benign glycosuria 
Case 3 — A youth, aged 19, a college student, in whom glycosuria had been 
discovered m September, 1926, on routine examination of the urine by the univer- 
sity health department, was admitted to the hospital on Feb 5, 1927 Weekly 
examinations show'ed that the glycosuria was persistent It was not eliminated 
in a w^eek, with the patient on a diet containing no obvious sweets nor starchy 
foods The patient never had diabetic symptoms One brother w'as under treat- 
ment for glycosuria 

Physical examination revealed no abnormalities 
The diagnosis w'as benign glycosuria (renal ?) 

Case 4— A man, aged 37, a Jew', married, was admitted to the hospital on 
May 2, 1927, complaining of symptoms suggesting intermittent claudication except 
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that %\eakness was more evident than pain No objective manifestations of 
neurologic or ^ascular disturbances were discovered 

When the patient was on a regular diet, g^'cosuria did not appear A dextrose 
tolerance test was made on klay 7 to determine whether the patient had the 
1 educed carbohydrate tolerance usually found in thrombo-angiitis obliterans 
The diagnosis was no disturbance of carbohjdrate metabolism 
Case 5 — R W , a man, aged 36, first seen in the clinic in Afay, 1926, reported 
that nine years earlier, when he applied for insurance, examination disclosed a 
trace of sugar in the urine This condition continued in spite of a moderate 
restriction of the diet 

A dextrose tolerance test was made on Afay 3, 1926 

On Afarch 3, 1927, he returned to the clinic with gl}'cosuria, but without diabetic 
sj'mptoms, on an unrestricted diet 

After the ingestion of 100 Gm of dextrose, a dextrose tolerance test made by 
an insurance company on Jan 24, 1927, showed the results given in table 4 
The impression was that the condition was benign glycosuria (renaP) 

Case 6 — A woman, aged 25, was admitted to the hospital for twenty- four hours 
on Sept 8, 1926, shortly after she had reported to the dispensary complaining of 
excessive menstrual pain Gb'cosuria was discovered She entered the hospital 
on Sept 8, 1926, for a dextrose tolerance test After this time, she remained 

Table 4 — Results of Folm-Wu Test 


Time Venous Blood Sugar Urine Sugar, per Cent 


1 45 p m (fasting) 

102 

0 00 

3 10 p m 

130 

0 75 

3 45 p m 

330 

0 55 


aglycosuric on a diet containing 70 Gm of protein, 175 Gm of fat and 150 Gm 
of carbohydrate On Oct 29, 1927, an exploratory operation revealed that the 
left kidney was ectopic and lying in the pelvis Appendectomy and hvsteropexy 
were performed While the patient was in the hospital on a regular diet, glycosuria 
did not appear The blood sugar during fasting on admission was 87 mg per 
hundred centimeters 

The patient was not seen after being discharged from the hospital 
Case 7 — E V , a man, aged 42, was first seen in the clinic on Alay 18, 1928 
Gljcosuria had first been discovered in 1908, when the patient was operated on for 
liernia, and had been found at intervals ever since He had been accepted, however, 
ror service in the army m the Great War, at which time the urine was reported as 
normal On two occasions, moderate dietetic restriction had affected the glycosuria 
but little At no time had diabetic symptoms appeared 

During the winter of 1927 to 1928, he had been troubled with nervousness and 
exhaustion, especially marked before meals and relieved after the ingestion of food 
Physical examination gave essentially negative results Urine passed m the 
clinic gave a 4 -f- Benedict reaction A dextrose tolerance test was made on 
Alay 22 

Urinahses showed Alay 23, before lunch, Benedict’s, ±:,4p m,-l-,7p m, 
3 -f , 10 p m , 4- , Alay 24, 7 a m , -f , 10 a m , 4 4- 

With a restriction of the diet to 90 Gm of protein, 200 Gm of fat and 150 Gm 
of carboh 3 'drate, variable, often considerable, amounts of sugar appeared in all 
samples 

The impression was that the condition was benign glvcosuria (^) 
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C \sn 8 — A man, aged 54, was admitted to the hospital on Alarch, 12, 1928 
Glycosuria had been discovered in 1918, when he was suffering from a carbuncle on 
the nose In the intervening ten years, no diabetic s>mptoms had appeared, 
although he had dieted only at intervals and had then omitted only obvious sweets 
and starches In the six months before admission, on such a regimen, he had lost 9 
pounds (4 1 Kg ) 

Physical examination gave essential!} negative results 

While he was in the hospital, from March 12 to 19, the urine never gave more 
than a ± reaction with Benedict’s solution The diet, meanwhile, had been 
gradually increased from 60 Gm of protein, 150 Gm of fat and 125 Gm of carbo- 
h 5 ’^drate, to 80 of protein, 175 of fat and 175 of carbohydrate, equally distributed in 
the three meals On Afarch 18, 25 Gm of dextrose was added to his breakfast 
without producing glycosuria 

A dextrose tolerance test was made on March 17 
The impression was that the condition was benign glycosuria 
Case 9 — F B , a man, aged 24, a medical student, was first seen in the clinic 
on Feb 14, 1927 In 1917, he was found to have glycosuria, which cleared up after 
one week of moderate restriction of the diet Shortly after this, a dextrose 
tolerance test was done, on the basis of which he was told that he did not have 
diabetes No further urinalj ses were made until 1927, when repeated tests again 
revealed a slight degree of glycosuria At no time did he have diabetic symptoms 
His past history was unimportant His father was said to have “benign glyco- 
suria,” and at one time one brother had been temporarily refused life insurance 
because of glycosuria 

With the patient on a full diet, examinations of the urine showed February 
17, before lunch, Benedict’s test, -f , before supper, 2 A- > before bed, 2 , on 

February 18, before breakfast, 2 -f- No acetone was found in any of the samples 
On February 17, the blood sugar during fasting was 83 mg per hundred cubic 
centimeters 

A dextrose tolerance test w'as made on February 20 No subsequent examina- 
tions ha\e been made 

The diagnosis was benign glycosuria 

Case 10 — A boy, aged 14, admitted to the hospital on Feb 23, 1926, had fallen 
while skating on January 13 The fall dazed him, although he did not become 
unconscious No fractures or lacerations w^ere produced On January 13, 14, 15 
and 16, a slight degree of glycosuria was observed Examination on January 19 
and on February 1, how^ever, revealed no sugar On February 16, three hours 
after an ordinary breakfast, the blood sugar w'as 114 mg per hundred cubic 
centimeters by" the Folin-Wu technic He had no diabetic symptoms at any time 
and no other symptoms after the first twenty-four hours 
Physical examination gave entirely negative results 
A dextrose tolerance test w^as made on February 25 

The impression w'as that the condition was symptomatic glycosuria, associated 
w'lth concussion of the brain 

Case 11 — A woman, aged 60, admitted to the hospital on Feb 2, 1927, had been 
troubled with dizziness on exertion and polydipsia for one year At the onset, she 
had transient glycosuria One month before admission, polydipsia and polyuria 
had recurred, and sugar was again found m the urine This condition again disap- 
peared rapidly without treatment 

Physical examination revealed nothing of importance For the first tw"o days 
in the hospital, she had a slight febrile reaction On February 3, the blood sugar 
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during fasting was 109 mg per hundred cubic centimeters On a diet of 60 Gm 
of protein, ISO Gm of fat and 100 Gm of carbohydrate, the urine remained 
sugar-free continuously 

A sugar tolerance test was made on February 5 , venous blood could not be 
obtained 

The impression was that the condition was early diabetes (^) 

Case 12 — H , a man, aged 38, was first seen in the clinic on Oct 1, 1926, six 
months after he had been found to have glycosuria in the course of an examination 
made when he applied for insurance During this time it had been found at 
intervals On April 25, 1926, the blood sugar during fasting was 115 mg per 
hundred cubic centimeters by the Fohn-Wu method From July 1 to October 1, 
he lived on a diet without sweets, potatoes and white bread At no time had he 
developed diabetic symptoms When dieting, but not before, he lost 8 pounds 
(3 6 Kg ) One brother was known to have had transient glycosuria 
The physical examination gave essentially negative results 
On October 1, after a period of dieting, the urine was sugar-free He then 
resumed a normal diet A dextrose tolerance test was made on October 10 After 
this time, on a diet containing 65 Gm of protein, 150 Gm of fat and 200 Gm of 

carbohydrate, he remained aglycosuric even when he became careless and added 
o 


Table 5 — The Results Aftci Fasting and the Ingestion of Insulin 



Arterial 

Venous 

Difference 

Fasting 

89 

93 

—4 

30 minutes after insulin 

08 

74 

—6 

CO minutes after insulin 

54 

50 

4 


small extra portions of bread and fruit The patient has not returned since the 
fall of 1926 

The impression w'as that the condition was mild diabetes 

Case 13 — R N , a physician, aged 25, was apparently in excellent health On 
several occasions, dextrose was discovered in the urine He had never had diabetic 
symptoms Physical examination revealed no abnormalities other than a general 
tendency to vasomotor instability 

The first two tolerance tests were made m the fall of 1925 The third test was 
made on May 8, 1927 

The effect of 10 units of insulin on the same subject was studied a few days 
later and w^as reported in a previous article ^ 

At this point, he developed symptoms of insulin shock and m the course of the 
next forty-five minutes was given 100 cc of orange juice, some dextrose and his 
regular breakfast One hundred and twenty minutes after the ingestion of insulin, 
the arterial blood was 149 and the venous, 124, with a difference of 25 

Case 14 — G P, a woman, aged 65, with no symptoms of diabetes, had shown 
slight glycosuria at intervals for three months 

Ph} sical examination revealed nothing important 

A carbohydrate tolerance test was made m April, 1926 During the succeeding 
two years, the patient lived on a normal diet without developing further glycosuria 
or anj diabetic sjmptoms 

Case 15 — A man, aged 57, w'as admitted to the hospital on Oct 12, 1926, fol- 
lowing a 3 ear of sleeplessness, blurring of vision and steady loss of weight At the 
onset, he had slight polvuria and polydipsia Repeated examinations of the urine 
had showm ghcosuria on several occasions 
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On September 14 and 21, when he was seen m the clinic, no sugar was found in 
the urine, and the physical examination was negative except for tachycardia, 
nervousness and evidence of loss of weight On September 21, the blood sugar 
during fasting was 103 mg per hundred cubic centimeters 

On September 23, he was suddenly seized with an attack of vomiting and diar- 
rhea, and his temperature rose to 102 F The temperature subsided rapidly, but 
the diarrhea persisted 

At the time of admission, he appeared emaciated and chronically ill Blood 
culture was sterile From the, stools, dysentery bacilli of the Hiss and Strong 
group were isolated At first, he had leukopenia with low grade fever, which 
condition gradually cleared up No sugar was found in the urine, although the 
diet was gradually increased to protein, 90 Gm , fat, 200 Gm , carbohydrate, 
300 Gm , without insulin 

A tolerance test was made on October 31 

He was discharged on November 8 

Cask 16 — A woman, aged 22, was admitted to the hospital on Sept 29, 1925, 
because of vomiting, apparently of psychoneurotic origin On Nov 27, 1926, she 
was again admitted because of an incomplete abortion The same cause brought 
her to the hospital on Nov 12, 1927 On the first two occasions, the urine, on 
several examinations, was free from sugar At the time of the third admission, 
she had a moderate degree of glvcosuna, polyuria and polydipsia These condi- 
tions cleared up rapidly under dietetic treatment, and she was discharged on 
Dec 21, 1927, aglycosunc on a diet of protein, 60 Gm , fat, 125 Gm , and carbo- 
hydrate, 175 Gm , without insulin 

Blood sugar during fasting was November 17, 127 mg , November 19, 75 mg 
per hundred cubic centimeters 

A dextrose tolerance test was made on November 29 

Case 17 — A man, aged 45, admitted to the hospital on Sept 4, 1925, had been 
struck by an automobile, and sustained fractures of the tibia, fibula and radius 
On admission, he appeared much shaken and somewhat shocked and had transient 
auricular fibrillation Marked glycosuria was discovered which, at first, could be 
controlled only with 30 or 40 units of insulin on a diet of 80 Gm of protein, 
150 Gm of fat and 125 Gm of carbohydrate His tolerance rapidly increased so 
that he was finally kept aglycosunc without insulin on a diet of protein, 80 Gm , 
fat, 150 Gm , and carbohydrate, 300 Gm Tolerance tests with the patient on this 
diet were made on October 10 and 13 and November 6 

He was dischaiged fiom the hospital on November 7 

Case 18 — A woman, aged 70, admitted to the hospital on Nov 27, 1925, gave a 
history of polydipsia, polyuria and occasional incontinence of urine of from six 
to ten years’ duration, increasing in severity In 1920, she broke the left hip, and 
since then had been able to walk only with the aid of crutches At this time, 
glycosuria was discovered On Nov 20, 1925, she slipped and fell, after this, 
frequency, incontinence and glycosuria grew worse and she became unable to walk 

On admission, she appeared emaciated and poorly cared for, presenting a 
crusted, desquamated, macerated area over the lower part of the back, and over the 
buttocks and the left thigh She proved to have an ununited fracture of the neck 
of the left femur, slight cardiac decompensation and chronic cystitis, besides 
diabetes of moderate severity 

With nursing care, a restricted diet and administration of insulin, she improved 
rapidly At first, 50 units of insulin was requned to keep the urine sugar-free 
when she was on a diet of 60 Gm of protein, ISO Gm of fat and 100 Gm of carbo- 
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hydrate When she was discharged from the hospital on December 30, 30 units of 
insulin given daily before breakfast was sufficient with the same diet 

Tolerance tests were made on December 3, 8 and IS On these days, insulin 
was omitted before breakfast and given before lunch instead The diet, results of 
urinalyses and insulin dosage on these days are given in table 6 

Case 19 — A man, aged 38, was first admitted to the hospital on April 20, 1922 
In 1920, blurring of vision, polyuria and polydipsia developed suddenly, and he lost 
85 pounds (38 6 Kg ) in two months Glycosuria was discovered and a diet pre- 
scribed to which the patient did not adhere 

In the hospital, his diet was gradually increased to protein, 60 Gm , fat, ISO Gm , 
and carbohydrate, 300 Gm , without the appearance of glycosuria After the inges- 
tion of 75 Gm of dextrose on May 3, the venous blood sugar, tested by Benedict 
and Lewis’ trmitrophenol method, rose to 262 mg per hundred cubic centimeters 
after two hours, and was still 136 mg at the end of three hours After two hours, 
the urine contained 2 per cent of sugar On April 21, the blood sugar during 
fasting was only 158 mg 

On a diet of 100 Gm of protein, 200 Gm of fat and 200 Gm of carbohydrate, 
to which he did not adhere continuously, he remained aglycosuric until Nov 1, 
1922, at which time he contracted a severe cold On November 22, he entered the 

Table 6 — D-ict, Uitnalyses and Insulm Dosage 


Diet Urine, 

— * , Benedict’s Reaction 


Date 

Protein, 

Gm 

Pat, 

Gm 

Carbo 

hydrate, 

Gm 

'am 

7-11 

,, .A. 

PM 

11-4 

PM 

4-9 

am' 

9-7 

Insulin 

1 

'isoon PM 

December 3 

60 

150 

100 


2+ 

0 

0 

30 

10 

December 8 

60 

150 

100 

0 

2+ 

± 

0 

30 

10 

December 15 

60 

150 

100 

0 

+ 

± 

0 

20 

0 


hospital where the urine became sugar-free only when the diet was reduced to 
75 Gm of protein, 150 Gm of fat and 100 Gm of carbohydrate On November 23, 
the blood sugar during fasting was 231 mg After being discharged from the 
hospital, he was able to increase his diet gradually to its original value, where it 
was maintained (with the exception of a short period in January, 1923, when he 
had furunculosis) until November, 1925, when he was admitted to the hospital on 
account of an infected foot and a cold At this time, 10 units of insulin was 
required to keep the urine free from sugar on a diet of 75 Gm of protein, 200 Gm 
of fat and 125 Gm of carbohydrate On November 12, the blood sugar during 
fasting was 219 mg 

Tolerance tests were made on November 13, 19 and 24 , their results are shown 
in table 1 The diets and results of urinal 3 'sis on these dates are shown in table 7 

After the patient was discharged from the hospital, the infection of the foot 
became worse and drainage was necessar}^ For a time, the dosage of insulin had 
to be increased, however, as the condition of the foot cleared up, he was able to 
reduce the dosage to 5 units daily and, m December, 1927, to omit insulin entirelj 
lor a while, with a diet of protein, 75 Gm , fat, 200 Gm, and carbohydrate, 
125 Gm 

Case 20 — A woman, aged 74, admitted to the hospital on Oct 1, 1925, had been 
troubled for two months before with poljuna, poljdipsia and some dysuria, which 
conditions improved with dietetic regulation In the last week of September, the 
left leg and foot became swollen 
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On admission, she had moderate edema of the left leg and foot and evidences of 
subacromial bursitis on the right side The blood sugar during fasting was 
212 mg per hundred cubic centimeters 

The diabetes was easily controlled without insulin, but wjth a diet of 60 Gm 
of protein, 100 Gm of fat and 125 Gm of carbohydrate The condition of the 
shoulder improved rapidly, and the edema, which was apparently due to thrombosis 
of varicose veins, subsided 

A tolerance test was made on October 8 

She was discharged from the hospital on October IS 

Case 21 — A man, aged 42, was admitted to the hospital on April 15, 1927, six 
weeks after he noted general malaise, polyuria and polydipsia, with loss of weight 
Ten days later he had vomited several times and, after that, rapidly lapsed into a 
semistuporous condition Glycosuria had been discovered, and he had improved 
rapidly with insulin and dietary therapy At first, 70 units of insulin was required 
daily , however, this dosage was rapidly reduced to 40 units In the days preceding 
admission to the hospital, frequent insulin shocks had occurred 

Physical examination revealed nothing significant It proved possible to 
eliminate insulin rapidly and to increase the diet to 75 Gm of protein, 200 Gm of 
fat and 150 Gm of carbohydrate 


Table 7 — Did and Results of Uiinalysts 
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Benedict’s Test 
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/* ■ ' 

^ 

PM am' , 

Insulin 


Protein, 

Fat, 

hydrate, 

AM 

PM 

A 

Date 

Gm 

Gm 

Gm 

7-11 

11-7 

4-9 9-7 AM 

Noon P M 

November 13 

CO 

150 

100 

+ 

+ 

i+ Complete 

10 10 







reduction 


November 19 

75 

1V5 

100 

0 

0 

0 0 10 

0 0 

November 21 

75 

200 

125 

0 

0 

0 0 0 

10 0 


A tolerance test was made on April 30 

Blood sugar estimations during fasting were April 16, 129 mg , April 22, 
123 mg , April 26, 123 mg 

He was discharged from the hospital on May 4 

He continued agbcosunc without insulin for six months At the end of this 
time, following a cold, he had to resume the ingestion of 15 units of insulin before 
breakfast and 10 before supper 

Case 22 — A man, aged 30, was admitted to the hospital on Oct 26, 1925, three 
months after he had noticed increasing weakness and frequent headaches About 
October 12, polyuria and polydipsia developed During three months, he lost 
20 pounds (9 Kg ) 

On admission, physical examination was essentially negative except for evi- 
dences of wasting and dehydration The blood sugar during fasting was 172 mg 
per hundred cubic centimeters 

The diabetes was easily controlled with diet and insulin, and he Avas discharged 
on Nov 11, aglycosunc, on a diet of protein, 60 Gm , fat, 200 Gm , and carbo- 
hydrate, 150 Gm , Avith 20 units of insulin daily before breakfast 

He did not adhere to treatment and Avas readmitted on Sept 17, 1927, on the 
verge of coma On this occasion, signs of pulmonary tuberculosis AA'ere discovered, 
and bacilli Avere found in the sputum 

The results of tolerance tests made on Oct 27 and Nov 3 and 10, 1925, are 
shoAvn in table 1 
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Case 23 — A woman, aged 40, was admitted to the hospital on Dec 1, 1927, one 
year after the development of intense genital pruritus No glycosuria was found 
at that time The pruritus was attended by frequency of urination and was not 
relieved by vaginal douches 

Physical examination revealed lacerations of the perineum On admission, the 
urine showed a doubtful (±) reaction to Benedict’s reagent On a diet of 60 Gm 
of protein, 150 Gm of fat and 150 Gm of carbohydrate the urine showed a com- 
plete reduction of Benedict’s on one occasion after breakfast, other samples of 
urine contained smaller amounts of sugar 
A tolerance test was made on December 6 
She was discharged on December 9 

Case 24 — A woman, aged 42, was admitted to the hospital on Nov 14, 1927 
Glycosuria had been discovered in 1918, however, no diabetic symptoms appeared, 
although no restriction of the diet was practiced In March, 1926, a blister appeared 
on the right great toe, which did not heal until June On Nov 11, 1927, she 
developed an infection of the right foot 

On admission, she presented a cellulitis of the right foot extending from an 
initial focus between the fourth and fifth toes At the time of admission, the blood 
sugar during fasting was 170 mg per hundred cubic centimeters The infection 
cleared rapidly, and the foot healed with nonoperative, conservative treatment 
At first, 10 units of insulin was required with a diet of 70 Gm of protein, 
125 Gm of fat and 100 Gm of carbohydrate Later, the use of insulin was 
eliminated, and the dosage of carbohydrate was increased to 125 Gm 
A tolerance test was made on November 28 
She was discharged on November 29 

Case 25 — A man, aged 25, admitted to the hospital on June 4, 1927, presented 
a tj^pical picture of Friedreich’s ataxia, which had developed in the course of the 
preceding fi\e }'ears Three weeks before admission, polyuria and polydipsia 
appeared, and for a somewhat longer time he had been losing weight 

Except for wasting and the evidences of the Friedreich’s ataxia, physical exami- 
nation was essentially negative 

He pro^ed to have a severe case of diabetes, and considerable difficulty was 
experienced in adjusting the dosage of insulin After being discharged on July 30, 
he improved rapidlj' until Septembei, at which time he was aglycosunc on a diet 
of protein, 60 Gm , fat, 200 Gm , and carbohydrate, 150 Gm , with 40 units of 
insulin before breakfast and 5 units before supper 

He vas readmitted on Nov 5, 1927, m coma from carbon monoxide poisoning 
and remained in the hospital fi\e daj's On a diet of 60 Gm of protein, 200 Gm 
of fat and 125 Gm of carbohydrate he showed only traces of sugar in the urine 
at interials, with 40 units of insulin before breakfast and 5 units before supper 
The results of a tolerance test, made on Nov 9, 1927, are showm m table 1 
Case 26 — A woman, aged 56, w'as admitted to the hospital at intervals, begin- 
ning m Ma 3 q 1923 Gljcosuria and diabetic sj'mptoms were first noted in 1922 
At the time of her first admission, she had slight hypertension, general arterio- 
sclerosis and e\idences of early senile dementia The diabetes was mild, respond- 
ing to moderate dietary restriction alone Owing to her mental condition, however, 
it was impossible to control the glycosuria at home, and her familv sent her to the 
hospital at inter\als when her symptoms became distressing On these occasions, 
insulin was used temporarily to eliminate glycosuria 

The results of a tolerance test, made on Oct 15, 1925, are sliowm in table 1 
On April 11, 1926, she suddenlv became drowsy and weak, and w'eakness of the 
right side of the face and of the right hand de\eloped, on April 24, a complete 



FRIEDENSON ET AL— BLOOD SUGAR CURVES 651 

light hemiplegia developed, later complicated by bronchopneumonia For a time, 
she required 45 units of insulin daily As she improved, however, it was possible 
to reduce the dose to 10 units daily 

Case 27 — A man, aged 39, admitted to the hospital on Nov 20, 1927, had been 
troubled with polyuria for some years Glycosuria had been discovered ten years 
earlier On Nov 1, 1927, he hit the right ankle against a box It became red, 
tender, painful and swollen On November 6, similar swellings appeared in both 
thighs On admission hq presented a deep cellulitis of the right foot and ankle 
and two abscesses in the thighs These were drained on November 21 On 
Nov 27, further incision of the ankle Avas necessary because the infection had 
involved the ankle joint and the adjoining bones On December 6, pus was found 
in the urine He gradually improved in spite of all these conditions until Feb 28, 
1928, when the temperature suddenly rose and signs appeared in the lungs He died 
on March 5 Blood cultures were repeatedly taken and always proved negative, 
although Staphylococcus auicus in pure culture Avas obtained from all the abscesses 
and from the urine 

The diabetes, under the influence of infections, proved to be severe 

The results of a tolerance test, made on Nov 23, 1927, are shoAvn in table 1 
On this day he received a diet of protein, 70 Gm , fat, 150 Gm , and carbohydrate, 
132 Gm , Avitli 45 units of insulin before breakfast, 20 before lunch, 40 before supper 
and 35 late in the evening Nevertheless, all samples of urine throughout the 
tAA^enty-four hours gave heavy reductions of Benedict’s solution and moderate 
reactions for acetone On the preceding and subsequent day's, glycosuria AA'as less 
marked Avhen less insulin Avas given 

Case 28 — A Avoman, aged 64, Avas admitted to the hospital on Oct 16, 1924 A 
year earlier, because of polyuria and polydipsia she had consulted a physician Avho 
found glycosuria She AA'as placed on a diet and remained aglycosunc for six 
months For four days before admission, the boAvels did not move in spite of the 
administration of cathartics At the time of admission, she appeared Aveak, 
emaciated and someAvhat dehydrated She had severe hemorrhoids and a rectum 
full of impacted feces After the latter had been cleared out she Avas greatly 
relieved She Avas discharged, aglycosunc, on a diet of protein, 50 Gm , fat, 
200 Gm , and carbohydrate, 100 Gm , Avith 15 units of insulin daily before 
breakfast 

She Avas readmitted on Sept 13, 1927, Avith moderate acidosis, as the result of a 
seriously infected hand This condition finally healed under treatment, and she Avas 
discharged on November 22, aglycosunc, on a diet of protein, 70 Gm , fat, 200 Gm 
and carbohydrate, 150 Gm , Avith 30 units of insulin before breakfast and 10 before 
supper 

The results of a tolerance test, made on Nov 8, 1927, are shoAvn in table 1 At 
this time she Avas receiving a diet of protein, 70 Gm, fat, 300 Gm and carbo- 
hydrate, 300 Gm, Avith 50 units of insulin before breakfast and 20 units before 
supper, and Avas constantly aglycosunc 

Case 29 — A woman, aged 52, Avas admitted to the hospital on Nov 9, 1927 
Six weeks earlier coryza had developed associated with slight infrascapular pain 
Three weeks later, she had a similar cold attended by fever, cough and night 
SAveats She had no diabetic symptoms On admission, she Avas found to have 
slight hypertension, and an acute pharyngitis due to hemolytic streptococci Glyco- 
suria was discovered 

She Avas discharged, aglycosunc, on a diet of 70 Gm of protein, 125 Gm of fat 
and 100 Gm of carbohydrate, with 30 units of insulin daily before breakfast 
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After this, she was able to reduce the amount of insulin gradually to 16 units 
daily, by November 

The results of a tolerance test, made on No\ ember 11, are shown in table 1 

She was discharged on November 13 

Ca.se 30 — woman, aged 60, was admitted to the hospital on Nov 16, 1927, and 
died on November 30 Permission for an autopsj was not obtained Fifteen 
months earlier, she fell from a street car, sustaining an injurj to the left shoulder 
which confined her to bed for three months and left a permanent disabilit> 
Gljcosuria was discovered three months later, and was only partly eliminated by 
moderate dietary restriction She also had polyuria and polydipsia, which persisted 
m spite of treatment On November 11, she became drowsv and sleep}-^, and eom- 
plained of dizziness, dyspnea and precordial pain on slight exertion 

At the time of admission, she appeared drowsy but irritable and not seriously 
ill, and she presented no abnormalities that could not be explained as the result of 
age and moderate arteriosclerosis She complained of general pains and was 
unmanageable, at times refusing to eat Her mental state was somewhat better 
from November 18 to 25, when she relapsed into her previous condition and refused 
all food At the same time tachycardia developed On November 29, she suddenly 
became stuporous and lost the use of the right arm and leg She also became 
incontinent of urine and feces That evening she lapsed into coma The next day, 
signs of pneumonia appeared in the lungs, the temperature rose rapidly and 
she died 

The results of a tolerance test, made on November 23, are given in table 1 
At this time, she was receiving a diet of protein, 70 Gm , fat, 150 Gm , and 
carbohydrate, 100 Gm , with 20 units of insulin before breakfast and 15 units 
before supper 

On November 21, the blood sugar during fasting was 340 mg per hundred cubic 
centimeters 

Case 31 — A woman, aged 49, admitted to the hospital on Sept 9, 1927, 
had noticed increasing fatigability and sleeplessnes for two years For three 
months, she had been troubled with dysuria and genital pruritus, and later with 
nocturnal and diurnal urinary frequency and axillary and submammary pruritus 

On admission, she appeared obese and presented an erythematous intertrigo in 
the axillae, under the breasts and about the genitalia, varicose veins of the legs, 
and slight edema of the ankles The rash and itching disappeared rapidly under 
local and diabetic treatment On admission, the blood sugar during fasting was 
259 mg per hundred cubic centimeters, and 20 units of insulin was required to 
prevent glycosuria, with a diet of 60 Gm of protein, 100 Gm of fat and 100 Gm 
of carbohvdrate When she left the hospital, on Sept 23, only 5 units was needed 
to keep her aglvcosunc, with a diet of protein, 70 Gm , fat, 75 Gm, and carbo- 
hjdrate, 120 Gm On Nov^ember 21, the blood sugar during fasting vyas 192 mg 

The results of a tolerance test, made on November 15, are shown in table 1 
On this day, the urine was sugar-free, and she was on a diet of protein, 52 Gm , 
fat, 95 Gm, and carbohvdrate, 100 Gm, with 15 units of insulin before breakfast 
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RESULTS OF SEVEN YEARS’ EXPERIENCE WITH QUINIDINE SULPHATE 

THERAPY (1921 TO 1928)* 
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BOSTON 

Duiing the ten 3 ''eais following the inti oduction of qmmdine ^ for 
the lestoiation of noimal rhythm in cases of auricular fibrillation, 
ample oppoitunity has been aftoided foi the clinical and experimental 
study of this drug To date moie than 1,000 cases of permanent 
auiicular fibi illation in which this tieatment was used have been 
reported in the hteratuie ~ Theie can no longer be any doubt concern- 
ing the efficacy of quinidine in ceitain cases of absolute arrhythmia, 
its value in such cases justifies its continued use We herein report a 
follow-up study of a series piesented by one of us (P D W ) five 
years ago,® and we also piesent a new senes of cases collected since that 
time 

OLD SERIES (1923) 

In 1923, Viko, Maivm and White® lepoited seventy-one cases of 
nonparoxysmal auiicular fibi illation and four cases of auricular flutter 
from the Massachusetts Geneial Hospital and the New Haven Hos- 
pital in 68 pel cent of these patients the ihythm was restored to 
normal by quinidine, but in only 34 per cent was it maintained during 
the peiiod of observation which varied from a few days (in the last 
case) to more than ten months We present here the data obtained 
from a follow-up study of these patients Three patients died apparently 
as a result of the quinidine therapy To the present time (August, 
1928) at least twenty-two more patients have died, but not from the 
quinidine theiapy , so that at least one third of the entire group has died 
Normal rhythm had been restored in sixteen of these twenty-two 
patients, in six the duration of normal ihythm was only from a few 
hours to days, so that quinidine theiapy was undoubtedly without influ- 
ence on the final outcome Three of these six patients died of infec- 

Submitted for publication, Oct 24, 1928 
From the Massachusetts General Hospital 

1 Fre 3 % W Ueber Vorhofflimmern beim Menschen und seme Beseitigung 
durch Chinidin, Berl khn Wchnschr 55 450, 1918 

2 Eismayer, G Die Behandlung Unregelmassiger Herztatigkeit mit Chini- 
din, Deutsches Arch f khn Med 156 182, 1927 

3 Viko, L E , Marvin, H M , and White, P D A Clinical Report on the 
Use of Quinidine Sulphate, Arch Int Med 31 345 (March) 1923 
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tions ( miliary tubeiculosis, bronchopneumonia and a sti eptococcus 
infection) , one patient died from congestive failuie a number of days 
after the couise of qumidme therapy, one died two months later and 
one died five and a half years latei In three of the remaining ten 
patients the duration of normal rhythm was unknown, one of these 
died from bronchopneumonia and cardiac failure, eight months after 
quinidine therapy was used, one died three years later from heart dis- 
ease and one died four years later One patient who maintained normal 
rhythm for six and a half months died six and a half years later, one 
patient maintained normal rhythm for more than foui months and died 
suddenly four years later, and two other patients, who maintained 
normal rhythm for thirteen and eleven months, respectively, died four 
years and two years later, respectively Thus only three of the patients 
who died maintained normal rhythm until the time of death, the dura- 
tion in these cases being six months, one and a half years (death from 
congestive failure) and three 5 'ears (death from probable coronary 
thrombosis), respectively 

In the group in which normal rhythm was not restoied, the duration 
of life after quinidine therapy for the lemaining six patients who died 
was two months in two patients, three months in one, five and a half 
years in one and an unknown period in two 

We have been able to obtain follow-up data on thirteen other 
patients, all of whom are living, so that our observations are complete 
in thirty-eight cases, or over half of the entire senes Two patients 
have had uninterrupted normal rhythm for six and seven years, respec- 
tively , a third patient has had normal rhythm foi six years, interrupted 
by one short paroxysm of auiiculai fibrillation, a fourth patient, after 
SIX years of normal rhythm, had a relapse of auricular fibrillation unin- 
fluenced by quinidine theiapy, a fifth patient, who was observed for 
only three years, maintained noimal ihythm except for one 01 two 
readily conti oiled paroxysms, and a sixth patient, who has maintained 
noimal rhythm for seven years, has a daily paroxysm of auricular 
( ^) The last mentioned patient prefers a paroxysmal to a 
constant arrhythmia Thus, noimal rhythm has persisted for from 
SIX to seven yeais (for three years in one patient who was then lost 
track of) in 117 per cent of the patients who responded to quinidine 
theiapy, or in 23 1 per cent of those who did not have a relapse within 
the first ten months after the restoration of normal ihythm It may be 
said, theiefore, that in a small, but not insignificant group, the restora- 
tion of normal rhythm by means of quinidine sulphate is permanent 
(to date) We have obseived two other patients, not included 111 this 
or the present report, who have maintained normal rhythm from the 
time it was restored until death, two and four years later, respectively 
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Two of the seven lemaining patients, five of whom had normal 
ihythm for a number of hours or days, aie distinctly limited in their 
activity as a lesult of heait disease, and the lemaming five are in fair 
health, though they are not symptomless and aie living a restricted life 

The health of the group of patients who maintained normal ihythm 
is definitely better than that of the gioup in which noimal ihythm was 
not restored oi in which auiicular fibrillation recurred within a short 
time Five patients, including two patients who did not belong to this 
series, maintained noimal ihythm until death, the duration of life 
being SIX months, one and a half years, two years, three years and four 
years, lespectively The duration of life in six unsuccessfully treated 
patients was two months m two patients, three months in one, five and a 
half yeais in one and an unknown period in two Four other patients 
in whom noimal ihythm was maintained foi four months, six and a 
half months, eleven months and thirteen months, respectively, lived for 
four, SIX and a half, two and four years, respectively Six patients in 
whom normal ihythm lasted only a few houis or days died soon after 
the quimdine therapy Duration of life is therefore definitely longer 
in patients who maintain normal ihythm for six months oi longer than 
in those who quickly leveit to fibi illation oi do not attain a normal 
rhythm There is, however, no clear indication that life is piolonged 
by the resumption and maintenance of normal rhythm 

NEW SERIES OF CASES (1923 1928) 

The new cases of nonpar oxysmal auricular fibrillation and auricular 
flutter reported in this paper were seen at the Massachusetts General 
Hospital and in private practice duimg the past five years This group 
consists of patients seen since the first report was made, and therefore 
IS composed of new patients, with the exception of one oi two who 
reentered the hospital on account of a relapse of auricular fibi illation 
The total numbei of seventy cases comprises sixty-two of fibrillation 
and eight of flutter Of the sixty-two patients with auiicular fibrilla- 
tion who were treated with quinidine sulphate, noimal rhythm was 
restored in foity-two, or 67 7 per cent, of the eight cases of flutter, four 
patients, oi 50 per cent, were successfully treated Of the entire group, 
theiefoie, circus movement was abolished in foity-six, oi 65 7 per cent, 
in comparison with 68 per cent of seventy-five cases reported in 1923 
from the Massachusetts General Hospital and the New Haven Flospital,® 
and with 58 5 per cent df 1,058 cases collected by Eismayer m 1927 ^ 

To date seventeen patients, oi 24 3 pei cent of the entire senes of 
new cases, have died, eleven of these had had normal rhythm restored 
Slightly less than one fourth, theiefore, of the patients successfully 
treated with quinidine sulphate have already died One patient died 
from bronchopneumonia shortly after the restoration of normal ihythm. 
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one died during the course of quinidine therapy shoitly after the lecur- 
rence of auricular fibrillation, one from congestive failure soon after 
the restoration of noimal ihjdhm, one duiing an unsuccessful course 
of quinidine therapy after two successful courses, and one following 
an operation, six days after the recuirence of auricular fibrillation 
Four other patients died one month, seven months, eight months and 
one year, respectively, after the resumption of normal rhythm, but the 
duration of the normal rhythm is unknown The tenth patient main- 
tained noimal rhythm for three years, when auricular fibrillation 
lecurred at about the time of onset of subacute bacterial endocarditis 
The duration of life in the eleventh patient is unknown 

In four of the six patients in whom noimal rhythm had not been 
restored before death, the duration of life after the course of quinidine 
therapy was seven months, eight months, eleven months and two years, 
respectively, two patients died while still m the hospital 

Death occui red in 23 8 per cent of the patients in whom normal 
rhythm was restored and m 23 1 per cent of those in whom normal 
rhythm was not restored 

Thirty-five patients in whom normal rhythm was restored are living 
Auricular fibrillation recurred in four patients from a few hours to one 
or two weeks Four patients left the hospital with a normal rhythm, 
but have not been seen again Six patients maintained normal rhythm 
for one month, five months, six months, eight months, fourteen months 
and four years, i espectively, before experiencing a lecurrence of the 
auricular fibrillation In the remaining twenty-one patients, normal 
rhythm was maintained until the time of the last examination, that is, 
for four months oi less in five patients, and in the remaining patients, 
for five months, eight months, ten months (two patients), eleven 
months, thirteen months, twenty-one months, twenty-two months, two 
years (in three patients), three years, three and a half years, and four 
3 ’^ears (two patients), respectively The health of the patients in this 
group as a whole is good One patient is tioubled considerably by 
parox 3 ^smal aunculai fibrillation , another patient has paroxysms from 
two to three times a year, readily controlled by quinidine, and a third 
patient suffered from paroxysms for the first two and a half 3 '-eais after 
the restoration of normal rhythm, but for the past 3 ^ear and a half has 
been fiee from attacks 

Twent 3 ’--four cases in this series have been classed as failures, but 
in two of these the patients had previously had a restoration of normal 
rhythm while under treatment with quinidine, while a third patient was 
subsequent^ successfully treated and has now maintained a normal 
heart ihythm for five 3 ears interrupted b 3 '- occasional short attacks of 
auricular fibrillation One patient, in spite of unsuccessful quinidine 
and digitalis therapy, reverted spontaneously to normal rh 3 dhm five 
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yeais after the onset of auiiculai flutter Follow-up data have been 
obtained in six of the lemaining fifteen patients in this gioup who aie 
living Two were faiity well fiom two to thiee months latei , one 
patient wiote that she had been in poor health foi two and a half yeais, 
but that aftei an opeiation for gastiic ulcer she was much bettei , one 
patient, a year and a half after dischaige fiom the hospital, wiote that 
he was in poor health, a fifth patient is in good health two yeais latei, 
although tioubled by gallstones, and the sixth patient is m fair health 
one and a half yeais after leaving the hospital 

One of the patients who temporal ily legained a noimal heait ihythm 
IS in good health, four and a half yeais later, and one has lequired 
institutional care since leaving the hospital two yeais ago 

During a peiiod of obseivation of foui years in the oldest cases, a 
normal rhythm has been maintained in 30 pei cent of the entiie senes 
This lesult is actually much better than that obtained m the original 
series, for although 34 per cent of the patients maintained noimal 
rhythm at the time that the leport M^as made, the oldest cases weie 
obseived duimg a peiiod of only ten months Our follow-up studies 
indicate definitely that much moie satisfactory results ha-\e been 
obtained m the present senes The evidence m both senes indicates 
that the health of the patients successfully treated is bettei than that 
of those unsuccessfully treated but that theie is no essential diffeience 
in mortality or in duiation of life 

The criteria used m the selection of cases foi quinidme theiapy 
were safety, the probability of success and the likelihood of benefiting 
the patient by teiminating the abnoimal ihytlnn Patients with maiked 
mitral stenosis or with congestive failure not leadily lesponding to lest 
and digitalis weie excluded Quinidme theiapy was not used m a 
number of suitable cases, as it was felt that the patient had nothing to 
gain by converting fibi illation to a noimal ihythm With the exception 
of two 01 three cases m which it was hoped that restoiation of noimal 
rhythm might avert a fatal outcome the condition of each patient was 
satisfactoiy when quinidme theiapy was begun Most of the patients 
were completely digitalized as a preliminaiy measuie, even though theie 
was no congestive failuie The usual though not invaiiable routine, 
after the customary test doses weie given, was to admmistei 6 grains 
(0 38 Gm ) eveiy two houis, five times a day, until noimal ihythm was 
lestored or toxic symptoms occuired If this pioceduie was unsuc- 
cessful after fiom five to seven days, the diug was discontinued 
All the patients received daily lations of from 3 to 9 giains (019 to 
0 58 Gm ) after the lestoiation of noimal ihythm foi as long a time as 
they remained in the hospital They were instiucted to continue taking 
the drug at home for a few weeks and then, if possible, to get on 
without it 
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That laige doses of quinidme may usually be administered with 
impunity, even to patients with grave conditions of the heart, cannot 
be denied ^ It is equally certain that quimdine is a powei ful drug, and 
that undesirable and even fatal events may occur fiom its toxic action, 
apart fiom the results of embolism It is leasonable to assert, theie- 
fore, that laige doses should be avoided if possible If patients aie 
piopeil} selected for treatment, success is usually attained with surpris- 
ingty small amounts of the drug Nor is propei selection of cases alone 
necessary On the basis of clinical obsenations it appears that piedigi- 
talization, contrary to the opinion of some writeis, allows the termina- 
tion of ciicus movement with smaller doses of quinidine than would 
otheiwise be requiied It has been noted, in reviewing the literature, 
that the method occasional!}'’ or fiequently practiced in administering 
quinidine is not the most efficient The electrocai diographic ® and 
phaimacologic evidence ® available cleaily indicates that the drug should 
be administered at least erery two hours to obtain the best results 

In the piesent group, in which the peicentage of successfully treated 
patients compares favorably with all the published series, thirty-six 
patients lecened less than 100 grains (6 48 Gm ) of quinidine, and only 
eight lequiied more than 100 grains of the ding befoie the abnormal 
rhythm was teiminated In two cases, the amount of quinidine taken 
IS not known In twent} -eight patients, 50 grains (3 24 Gm ) or less of 
quinidine was all that was needed to restore noimal ihythm 

The number of days of treatment with quinidine in the successful 
group was thiee or less in thirty-three cases, two in nineteen cases, one 
in fi^e cases and moie than seven in only two patients 

F'^CTORS INFLUENCING THE RESPONSE TO QUINIDINE THERAPY 

Sev — The group includes foity male patients in whom normal 
ih}thm was lestored in twenty-eight oi 70 per cent, and thirty females, 
of whom 60 per cent weie successfully treated It seems unlikely that 
sex IS of any importance in deteimining or influencing the outcome of 
treatment, in spite of the dispaiity of the two groups 

Age — In studying the distribution of successes and failures accord- 
ing to age, it was found impi acticable to divide the cases into decades, 

4 Leime, S A, and Stevens, W B The Therapeutic Value of Quinidin 
Sulphate m Coronary Thrombosis Complicated by Ventricular Tachycardia, Am 
Heart J 3 253, 1928 Sidel, N , and Donvart, F G Quimdin Sulphate in 
Auricular Fibrillation, Boston M & S J 196 216, 1927 

5 Lewis, T Wedd, A , Drury, A N, and Iliescu, C C Observations 
upon the Action of Certain Drugs upon Fibrillation of the Auricles, Heart 9 207, 
1922 

6 Weiss, S , and Thatcher, R A Studies on Quimdin, J Pharmacol & 
Evper Therap 30 335, 1927 
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as this resulted in groups too small to be of any value We, theie- 
fore, made the division into two groups, one compiismg all the patients 
fiom 10 to 40 years of age, and the other all the patients fiom 41 to 70 
years of age (A more detailed analysis of the factor of age has been 
made without, however, altering the conclusions ) In the group of 
younger patients (twenty-two), 81 8 pel cent weie tieated successfully 
whereas m the gioup of older patients (forty-eight), noimal ihythm 
was lestored m only 58 3 per cent This diffeience is stiikmg and will 
be discussed m greater detail subsequently 

Congestive Failure — It has been stated by otheis that congestive 
failure influences adveisely the result of tieatment with quimdine 
sulphate and may he lesponsible foi the variety of i espouses seen in 
the ditferent age oi etiologic gioups To exclude this factoi, it is an 
easy matter to revise oui figuies by removing from the two laige age 


Table 1 — The Entve Senes of Cases Divided Info Etiologic Gioups 




Normal 

Percentage in 


Normal 

Rhvthm 

Which Normal 


Rhythm 

Not 

Rhythm Was 

Etiology 

Restored 

Restored 

Restored 

Ebeumatic 

16 

8 

60 7 

Hypertensive 

3 

0 

100 

Arteriosclerotic 

10 

6 

62 5 

Hypertensive and arteriosclerotic 

3 

6 

33 3 

Hypertensive and rheumatic 

1 

0 

100 

Hyperthyroid 

3 

2 

60 

Hyperthyroid and rheumatic 

1 

0 

100 

“Normal” 

7 

0 

100 

Doubtful etiology 

2 

2 

50 

Total 

46 

24 

65 7 


groups the twenty-three cases m which the condition was complicated 
by the presence of congestive failuie at the time of admission to the 
hospital Then there aie fifteen cases m the youngei gioup with 
restoration of noimal ihythm m 93 3 per cent, and thiity-two cases in 
the older group, with lestoiation of noimal ihythm in 65 6 per cent 
Using these figuies as a ciiteiion, it is doubtful whether congestive 
failure influences the distiibution of failuies and successes m the vaii- 
ous age groups to any impoitant degiee, although it may be a slight 
factor 

Etiology — Table 1 shows the division of the entiie senes into the 
vaiious etiologic gioups, together with the number of cases m each 
group and the results obtained 

It seems leasonable, foi the puipose of statistical study, to combine 
the second, third and fouith gioups in table 1 undei the one etiologic 
heading, “hypei tensive and aiteiiosclerotic,” and to exclude the foui 
cases of doubtful etiology, the case of a hypei tensive and iheumatic 
heart and the case of a hypei thyroid condition and a iheumatic heait 
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Table 2 shows this rcMSion and also the result of simplifying still 
further the tuo largest etiologic groups by removing the factor of 
congestne failure, the data for all patients who presented evidence of 
this complication were excluded in the second half of the table 

It is of interest to consider the possible influence of age on the out- 
come of treatment in each etiologic group Table 3 has been con- 
structed with this end in -view 

Table 2 — Revised Classificafton of Cases info Etiologic Gioups ” 


Etiology 


Entire Senes Eestricted Senes 

X ^ X 

Percentage Percentage 

in Wliicli in Whicli 

J^ornnl Normal Normal Normal 

Normal Ehythm Rhjthm Normal Bhytlim Rhstlim 

Rhythm Not Was Rhjtnm Not Was 

Restored Restored Restored Restored Restored Restored 


Rheumatic 16 

Hjpertensne and arteriosclerotic 1C 

Hyperthj roid 3 

Normal 7 


8 66 7 11 5 68 8 

12 57 1 12 5 70 6 

2 60 

0 100 


' The four cases of doubtful etiology, the one in -Hhich theie iias a hypertensive and 
rheumatic condition of the heart and the one m Mhich there Mas hyperthyroidism and a 
rheumatic condition of the heart have been excluded In the restricted series in this and the 
folloMing table, the cases in yvhicu there Mas congestive failure haie been excluded 


T XBLE 3 — Etiologic Gioiips Divided Accoidiiig to the Age of the Patients 
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Etiologic Group 





•a 



K 

K 
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Rheum ^tlc 

12 

3 

so 

1 

5 

44 4 

9 

1 

90 

3 

3 

50 0 

Hvperteusne and arteriosclerotic 

1 

0 

100 

15 

12 

55 5 

1 

0 

lOO 

11 

5 

687 

Hyperthvroid 

0 

0 


3 

2 

60 







Normal 

4 

0 

100 

3 

0 

ICO 








Tables 1, 2 and 3 indicate a significant variation in lesponse to 
quinidine therap} m the difterent age and etiologic groups The exact 
role pla}ed hi etiology^ and age cannot, hoiveiei, be conclusively demon- 
strated from these figuies alone On account of the natural distribution 
of the diseases undei discussion, the younger gioup contains most of 
the cases of rheumatic heart disease while the older group contains 
all but one of the cases of a hypertensne and arteriosclerotic condition 
of the heart Table 3 indicates that age is of importance in the group 
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with iheumatic heait disease, but table 4, so far as one may draw con- 
clusions from small groups, affords little or no evidence that age is a 
significant factor in this etiologic gioup It becomes apparent that the 
striking difference between the two age groups m the i espouse to quini- 
dine therapy is i elated to the piesence in the younger group of 
almost two thuds of all the cases of rheumatic heart disease, com- 
prising ovei 68 per cent of the younger gioup It is possible that age, 
so far as it has a beaiing on the duiation of heait disease, may be a 
factor of importance only in the cases of rheumatic disease with mitral 
stenosis, that is, the duration of initial obstruction may be directly 
related to the degree of auiicular damage, the extent of which might 
hindei the restoiation of noimal ihythm 


Table 4 — Cases of Hypci tensive and Ai tci losclci otic Heait Disease 
Gtoiiped Accotding to Age 



Normal 

Normal 

Rhythm 

Percentage m 
Which Normal 


Rhythm 

Not 

Rhythm Was 

rears 

Restored 

Restored 

Restored 

30 to 10 

1 

0 

100 

41 to 50 

3 

2 

60 

ol to 60 

G 

5 

55 

01 to 70 

6 

5 

65 


Table 5 — Classifieation 

of Cases as 

to Age and Duiation of Fibi illation 


Less Than One Month 

More Than One Month 




Percentage 


Percentage 




m Which 


in Which 



Normal 

Normal 

Normal 

Normal 


Normal 

Rhythm 

Rhythm 

Normal Rhythm 

Rhythm 


Ruythm 

Not 

Was 

Rhythm Not 

Was 

4ge Group 

Restored Restored 

Restored 

Restored Restored 

Restored 

10 to 40 

10 

2 

83 3 

4 2 

667 

41 to 70 

7 

2 

77 7 

17 IS 

4S6 


There is some evidence that etiology has a minor influence on the 
response to qumidine therapy All the cases of hyperthyi oidism were 
m patients more than 40 yeais of age, and the response in this group 
was essentially the same as in the group with hypertensive and 
ai teriosclerotic heart disease The possibility is suggested, there- 
fore, that the poor lesults in these two groups and in the older 
group of patients with rheumatic disease of the heart may be due, not 
to the age factor, but to the associated vascular changes that may occur 
with advancing age In a normal heart, uniformly good results are 
obtained, irrespective of the age of the patient and of the duration of 
the fibrillation 

In the following paiagraphs, evidence is presented to show the 
important influence of the duration of fibrillation on the response to 
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quinidine therapy, it is shown that this influence is independent of age 
and etiology To determine if the factor of the duration of fibi illation 
is responsible for the apparent influence of age and etiology we have 
constructed tables 5 and 6 (in table 5 the data for the seven patients with 
normal hearts have been excluded) The conclusions already reached 
regarding these two factors are corroborated by the data in these tables 
and in table 10, that is, the etiology is of minor importance, whereas age 
IS an important factor in the rheumatic group 

Dwation of Fibnllahon — The duration of fibrillation at the time 
that quinidine therapy is started appears to exert consideiable influence 


Table 6 — Cases of Rheumatic Heajt Disease, Classified as to Age and Duiatwn 

of Fibi illation 


Ages from 10 to 40 Tears Ages from 41 to 70 Tears 

A - _ __ A 

Percentage Percentage 

m Which in Which 

Norma] Normal Normal Normal 

Normal Ehythm Rhythm Normal Rhythm Ehythm 

Ehythm Not Was Bhjthm Not Was 

Duration of Fibrillation Eestored Eestored Restored Restored Restored Restored 

Less than one month 8 1 S8 9 1 1 50 

More than one month 4 2 C67 3 4 42 8 


Table 7 — Entne Senes of Cases Giouped Accoiding to the Dination of 

Fibi illation 



Normal 

Normal 

Rhythm 

Pereentage in 
Which Normal 


Rhjtbm 

Not 

Rhythm Was 

Duration of Fibrillation 

Restored 

Restored 

Eestored 

Less than one month 

18 

4 

818 

1 to 6 months 

15 

11 

577 

6 months to 1 year 

5 

4 

55 5 

1 to 2 years 

3 

2 

60 

2 to 3 years 

0 

2 

0 

3 to 4 years 

1 

0 

100 

5 to 10 years 

1 

1 

50 

Over 10 years 

2 

0 

100 

Questionable 

1 

0 

100 


on the outcome of treatment, as may be seen from tables 7 and 8 The 
patients with fibrillation of recent oiigin show the best response, as in 
90 per cent of these the arrhythmia is teimmated In all cases of more 
than one month’s duration, ii respective of the number of months or 
years of fibrillation, there is an equal propensity for normal rhythm to 
be restored when the patient is treated with quinidine, in some of our 
most strikingly successful cases, the patients had had auricular fibrilla- 
tion for more than ten }ears 

We may conclude, then, that the duiation of fibi illation is to a 
limited extent a decisive factor in the outcome of tieatment If the 
cases are divided into the two age groups already mentioned, it becomes 
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clear that age can be excluded as a factor in varying the response to 
treatment in any gioup foimed on the basis of the dmation of fibx il- 
lation 

The discrepanc}'- seen in the cases with fibi illation of oiei six months’ 
dmation depends on the piesence, m this gioup, of five of the seven 
patients with normal hearts, four of whom fall in the age group of 
from 10 to 40 years In addition, of the failures m this group one 
patient was almost moribund when qumidine was fiist given, and three 
other patients leceived inadequate amounts of the drug 

If the gioup IS still fuither analyzed to determine whethei an 
etiologic factor may explain the vaiiation in i espouse appaiently i elated 

Tabi^ 8 — Dmation of Fibi illation m Patients zvith and zvithout Congestive Failmc 




Entire Series 

Restricted 



> 

■ ■ 

Series, 



Normal 

Percentage in 

Percentage in 


Normal 

Rnythm 

Which Normal Which Normal 


Rhythm 

Not 

Rhythm Was 

Rhythm Was 

Duration of Pibnllntion 

Restored 

Restored 

Restored 

Restored 

Less than one month 

IS 

4 

SIS 

93 3 

More than one month 

2T 

20 

57 4 

G4 5 


Table 9 — Grouping of Cases as to Dmation of Fibi illation and Age 


Vges from 10 to 40 Years Ages from 41 to 70 Years 

, ^ , , » , 

Percentnge Percentage 

m Winch m Which 

Xormnl Kormal Xormal Xormnl 

Normal Ehjthm Rhythm Normal Rhythm Rhythm 

Rhythm Not Was Rhvthm Not Has 

Duration of Pibrillntion Restored Restored Restored Restored Restored Restored 


Less than 1 month 10 

1 month to G months 2 

6 months to 1 j ear 2 

Over 1 year 4 


2 

83 3 

S 

o 

SO 

2 

60 0 

11 

9 

55 

0 

100 0 

0 

4 

55 5 

0 

100 0 

3 

5 

oT 0 


to the duration of fibi illation, the results obtained aie striking — 
although ive aie now dealing ivith small figuies — and indicate that 
etiology may be excluded as a factor m estimating the influence of the 
duration of fibi illation on the i espouse to quimdine therapy (table 10) 

CondAton of the Patient — ^The condition of the patient, as esti- 
mated by the piesence of objectne signs of congestne failuie, the gen- 
eial clinical impiession and the lentiiculai late when quimdme theiapy 
IS staited (the latter, however, is closely i elated to digitalization), is 
of some importance in its influence on the success or failure of treat- 
ment Of twenty-thiee patients piesenting eiidence of congestive 
failure on entiance to the hospital, noimal ihythm was lestoied in onlv 
47 8 per cent, while of foity-five patients without this complication, 
normal rhythm vas lestored in 73 3 per cent However, nine of the 
eleven patients in whom normal rhjflhm was restored bad marked 
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failure, while only five of the tivelve whose rhythm was not lestored to 
normal presented evidence of consideiable failure In this gioup of 
patients with congestive failure, m only 57 1 per cent of the seven cases 
with fibrillation of less than one month’s duration was ihythm restored 
to normal , of the sixteen with fibrillation of over one month’s duration, 
1 hythm was restored to normal in 77 7 per cent 

Thiee of the eleven patients of this group in whom quinidme ter- 
minated circus movement died, one following an operation, one from 
progressive congestive failuie (noimal rhythm was maintained to the 
end) and one from bronchopneumonia Quinidme can be definitely 
excluded as a cause of death in these cases 

One of the twelve patients in whom normal rhythm was not lestored 
died from pneumonia and one died from congestive failure 

In this entire group of twenty-three patients with congestive failure, 
with the exception of two patients who died, the condition of the patients. 


Table 10 — Giouping of Cases Accoidmg to Dutation of Fibi illation and Etiology 




Rheumatic 

Hjpertensive and 
Arteriosclerotic 

Duration of Fibrillation 

Normal 
Normal Rhythm 
Rhythm Not 
Restored Restored 

Pereentage 
in Which 
Normal 
Rhythm 
Was 
Restored 

Percentage 
in Whicli 
Normal Normal 
Normal Rhjthm Rhythm 
Rhjthm Not Was 

Restored Restored Restored 

Less than one month 

9 

2 

SIS 

5 1 S3 3 

0\ er one month 

7 

6 

53 S 

n 11 50 


as the result of lest and digitalization, was satisfactoiy when quinidme 
therapy was started 

Size of the Heatf — In ten patients without any caidiac enlaigement 
the rhythm was restoi ed to noi mal m all, this group including, of course, 
the seven patients with appaiently normal hearts The ihythm was 
lestoied to noimal in foity patients, 57 5 per cent, with fiom slight to 
moderate enlaigement, and in nineteen patients, 63 1 pei cent, with 
marked enlargement The lelatne size of the heait when it is enlaiged, 
therefore, seems to beai no i elation to response to quinidme therapy 

A past history of decompensation and the type of fibrillation as seen 
m the electrocardiogram (fine or coaise) have no influence on the out- 
come of treatment Rhythm was restored to nonnal in 67 8 per cent of 
twenty-eight patients whose electrocardiograms showed the fine type of 
fibrillation, while it was lestored to normal m 71 4 per cent of twenty- 
eight patients with a coarse type of fibrillation 

Ventticulat Rate — The ventnculai rate when quinidme is started 
is apparently of some importance as may be seen from table 11 The 
■\entricular late, howe^er, is laigely influenced b}"^ digitalization m these 
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cases, the figuies in tables 12 and 13 suggest the beneficial action of 
digitalization in favoiing the lesponse to quinidine Thiee patients 
received no digitalis while in the hospital, but the nature of the T wave 
of the electi ocai diogi am indicated piobable digitalization befoie 
entiance The data foi these cases aie not included in the table 

In sudying the etiect of digitalis on the late of ciicus movement, 
Lewis'^ and his co-workeis found that constant results weie obtained 
only when the diug was given m full theiapeutic doses The only 
patient in whom a fall in late of ciicus movement was observed was 


Table 11 — Cases Gioupcd Accojdmg to Veiitnculai Rate IJ'Itcn Qmmdinc 

Tliciapy Began 


VentricuHr Rite 

Loss than SO 

SO to 90 

90 to 100 

More than 100 

Noriml 

Rlivtlim 

Restored 

25 

5 

0 

4 

Normal 
Khj thm 
Not 

Restored 

11 

5 

4 

4 

Percentage m 
Which Normal 
Rhythm Was 
Restored 

69 4 

50 

33 3 

50 

Table 12 — Cases Giouped Accoidtug io the Dcgice of Digitalicaiion 



Normal 

Percentage in 


Normal 

Rln thm 

Which Normal 


Rhythm 

Not 

Rhythm Was 

Digitalization 

Restored 

Restored 

Restored 

Complete 

SO 

18 

06 7 

Insufficient 

2 

3 

40 

None 

5 

3 

62 5 


Table 13 — Cases Gioupcd Accoiding 

io Dcgice 

of Digitalization 



Normal 

Percentage m 


Normal 

Rhythm 

Which Normal 


Rhythm 

Not 

Rhythm Was 

Digitalization 

Restored 

Restored 

Restored 

Complete 

36 

IS 

6G7 

None or insufficient 

V 

G 

o3 S 


leceiving only small doses of digitalis We ha^e, theiefoie, m table 13, 
combined the two gioups those in which the patients received no 
digitalis and those in which an insufficient amount was given It is 
evident that the response is better in patients who have been fully 
digitalized 

MisceUaneovs Factors — In studjung the cases we have attempted, 
in each instance, to explain a failure By doing so, we have been able 
in a large measuie to account for man)^ of the unsuccessful cases 
Probable causes, at least, may be assigned, but one can nevei state with 
finality, on clinical grounds alone, the ultimate cause of f ailui e Such a 
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study has merely emphasized that certain conditions may interfere with 
the desired action of the drug 

The entire group of failures includes twenty-six cases of peimanent 
fibrillation and flutter It is inteiesting that in nine of these twenty-six 
cases the patients leceived strikingly small doses of quimdine, on 
account of the development of toxic symptoms, or because of i ef usal to 
accept the treatment as prescribed, or for no good reason at all It is 
fair to assume that in at least a few of these patients, the fibi illation 
would have been converted to normal rhythm with adequate doses of 
quimdme Four other patients had auiicular flutter, and it has been 
our experience, as well as that of others, that qumidme is not so effec- 
tive in this condition as is digitalis Study of these four cases reveals 
additional possible reasons for the undesiiable outcome One patient 
entered with extreme congestive failure and hyperpyrexia, and soon 
died This patient, furthermoie, received only 36 grains (2 33 Gm ) 
of quimdine in two da)'s A second patient had severe heart disease 
with considerable enlargement and crippling angina pectoris A third 
patient was given no digitalis The case of the fouith patient is remark- 
able in that after five years of persistent fluttei, the paroxysm ended 
spontaneously ’’ Two patients with auriculai fibrillation were inveterate 
drinkers of alcoholic beverages , and since we have repeatedly observed 
that alcohol may apparently precipitate auricular fibrillation, we there- 
fore suggest the possibility that this fact may have interfered with 
quimdine therapy In addition, one of these patients received 
inadequate doses of quimdine In thiee other patients, an intercurrent 
infection complicated the situation , in one patient, a severe, fatal pneu- 
monia Two of these three patients were in pool condition when the 
quimdine therapy was started, and one patient was incompletely 
digitalized 

We may conclude, then, that m addition to factors already dis- 
cussed, failure to restoie noimal rhythm m our series depended on 
inadequate amounts of quimdine, intercurrent infection and possibly 
alcoholism As a rule, more than one factoi was piesent m a given 
case, accentuating the probability of failure Grossly inadequate dosage 
of quimdine was the most frequent cause, being present in more than 
one third of the failures 

THE USE or DIGITALIS WITH QUINIDINE 

The use of digitalis with quimdine in the treatment of patients with 
auricular fibrillation has not been sanctioned by all who have studied 
this problem In the hteratui e the views expressed vary from a recom- 

7 Sprague, H B , and White P D Auricular Flutter, J A M A 90 1772 
(Tune 2) 1928 
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mendation of its use to a declaiation that it is contraindicated because of 
the combined toxic effects of the two drugs 

Cantani,® in a publication of 1905, is given credit for the opinion 
that quinidine exeits a favoiable influence on the action Of digitalis 
Schott, ° in 1920, advised against the combined administration of quini- 
dine and digitalis, on the giounds that a high degree of A-V block was 
thus pioduced in guinea-pigs In lepeatmg these experiments, Korns 
came to the conclusion that asphyxia, produced by the action of qumidine 
on the lespiration, was lesponsible for these high giades of A-V block, 
and that if the piecaution weie taken to exclude this factor, one never 
obseived a block of a highei giade than 2 1 Accoidmg to Korns, 
aspltyxia alone is capable of pioducing all grades of A-V block in guinea- 
pigs, including complete dissociation Fre)'’, m his second publication on 
the use of qumidine, advocated digitalization in cases of congestive fail- 
ure, but. 111 a latei publication,^- was of the opinion that the combined use 
of digitalis and qumidme was not advisable In a pievious publication ® 
on the tieatment of auiiculai fibi illation repoi ted fiom the Massachusetts 
Geneial Hospital, the authois adiocated digitalization in those cases 
complicated by congestive failuie The successful action of qumidine 
in terminating aiihythmias m digitalized animals has been convincingly 
demonstrated in expeiiments lecently lepoited by HaskelP^ 

In the piesent senes of cases, most of the patients received digitalis 
pi 101 to tieatment with qumidine The data alieady piesented point to 
the favorable influence of pievious digitalization on the restoration of 
1101 mal ihythm by means of qumidine sulphate At any late, our obsei- 
vations do not beai out the contention of some authois that digitalis 
antagonizes the successful action of qumidine In addition, many of 
the digitalized patients leceived the smallest doses of qumidine used in 
the entire senes, with lestoiation of noimal ihythm, coiiespondmg 
to the eailier expeiience m this hospital This view, again, is m dis- 
agieement with those obseiveis who believe that pievious digitalization 

8 Cantani, quoted by Haskell, C C The Influence of Quimdni on the 
Cardiac Irregularity Produced by Digitalis, J Pharmacol & Exper Therap 32 
223, 1928 

9 Schott, E Zur Frage der Chinidintherapie, Deutsches Arch f klin Med 
134 208, 1920 

10 Korns, H M An Experimental and Clinical Study of Quinidin Sulphate 
I Experimental, Arch Int Med 31 15 (Jan ) 1923 

11 Frey, W Weitere Erfahrungen mit Chmidin bci absoluter Herzunregel- 
massigkeit, Berl klin Wchnschr 55*849, 1918 

12 Frey, W Chinidin zur Bekampfung der Absoluten Herzunregelmassigkeit 
(Vorhofflimmern), Deutsches Arch f klin Med 136 70, 1921 

13 Haskell, C C The Influence of Quinidm on the Cardiac Irregularity 
Produced by Digitalis, J Pharmacol & Exper Therap 32 223, 1928 
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necessitates the subsequent use of larger doses of quinidme Fuither- 
more, we have failed to obser^ e any undesirable effects which could be 
attributed to the combined use of both drugs 

Our opinion, theiefore, based on our observations and on experi- 
mental and theoretical consideiations, is that previous digitalization is 
justified as a piehminary step in the treatment of all patients with 
aunculai fibrillation by means of quinidme sulphate Our experience 
has led us to believe that such preliminaiy tieatment is an important 
factor in the successful use of quinidme in some cases, and that occa- 
sionally it may be the deciding factor between failure and success 
That the treatment may be consummated with smallei doses of quinidme 
IS a further adv''antage of consideiable impoitance, since we have seen 
patients who weie so sensitive to quinidme that 3 grains (019 Gm ) 
have caused toxic sjmiptoms coincidentally with the restoration of nor- 
mal rhythm It would appeal, fiom a study of our cases, that the best 
lesults are obtained when digitalis is administered in doses sufficient, 
at least, to bring about inversion of the T wave m leads 1 and 2 of the 
electi ocardiogi am 

In emphasizing the value of digitalis, and in stating that it should 
be used as a mattei of routine in every patient, it is not our intention to 
conve) the impiession that it is indispensable in all cases, since this 
would be contiary to fact Indeed, it may be properly argued, on 
theoietical giounds, that digitalization, prior to the administration of 
quinidme, may interfere with the successful action of the latter drug m 
a laie case It is presumably on the basis of such consideiations that 
some physicians oppose the use of digitalis m these cases Actually, 
we have nevei seen a case m which failure to restore normal rhythm 
could be definitely attributed to the use of digitalis, although such a 
possibility must be conceded 

REPORT OF CASES 

In studvmg the pioblem of digitalization in this connection, we 
have been much more impressed by the obseivation of individual cases 
than by the statistics of the entire senes The following case in oui 
series is a good illustiation of the value of preliminary digitalization 

Case 1 — A patient v\ ho had had fibrillation for many 3 'ears was given a course 
of quinidme treatment, comprising over ISO grams (9 72 Gm ) of quinidme sulphate 
m five dav's Normal rhythm was not restored Five years later his condition was 
entirely unchanged so far as could be determined by careful questioning, physical 
examination and electrocardiographic study The fibrillation by this time had a 
duration of at least fifteen vears Before quinidme was given, the patient was 
completely digitalized, so that the T waves m leads 1 and 2 were inverted In 
three dav s, a total dose of 108 grains (6 99 Gm ) of quinidme sulphate restored 
normal rh} tlim v\ ithout anv untoward incident 
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The relation of digitalization to the dosage of qmnidine is shown in 
case 2 

C'vsn 2 — F J j\I , a man, aged 43, had had auricular fibrillation constantly for 
nine weeks Following complete digitalization he was given two test doses of 
qumidme sulphate, 3 grains (0 19 Gm ) each, m three hours This was sufficient 
to restore normal rh 5 thm Two and one-half years later he awoke m the morning 
in a paroxysm of fibrillation, the first since normal rhjthm had been restored 
Without previous digitalization he was started on quimdine , 30 grains (194 Gm ) , 
or five times the amount used two and one-half j'ears earlier, had to be given 
before normal rhjthm was restored His condition w'as similar in every way to 
that during the earlier attack, except that the fibrillation was then of nine weeks’ 
duration, and now' had existed only a few hours when quimdine therapy was 
started 

111 cases of aunculai flutter the same beneficial action of digitalis 
ma} be observed, as illustrated by case 3 

Case 3 — A patient had an auricular flutter of fifteen months’ duration He 
was given a total dose of 159 grains (1030 Gm ) of quimdine in eight days, with- 
out the restoration of normal rhjthm He was then digitalized, and normal rhythm 
w'as restored by 72 grains (4 66 Gm ) of quimdine sulphate in tw'o days Digitali- 
zation did not produce fibrillation in this case, so that we consider the final result as 
due chiefly to quimdine and not to digitalis 

The factois conti oiling ciicus movement in the auricle are (1) the 
length of the path traversed by the wave , (2) the duration of the refrac- 
tory peiiod at any one point, and (3) the speed at which the wave is 
conducted “ By closing the gap between the crest and the wake of the 
circulating wave, circus movement may be interrupted and normal 
rhythm restored This may be accomplished by (1) increasing the 
refractory period sufficiently, the other factors lemaining constant, oi 
by (2) increasing the late of circus mo^ement, the other factois remain- 
ing constant Practically, these effects are interrelated, and the actual 
situation IS a complicated one, the final result in any given instance 
depending on the preponderance of one effect over the other 

One of the constant -effects of quimdine is to decrease the rate of 
circus movement The most striking result of quimdine, according to 
Lewis and his co-workers, is the inciease of the refractory peiiod, 
often amounting to 50 per cent or more Under these conditions 

14 Cohn, A E , and Levy, R L Experiments with Quinidin on Conduction 
and on the Refractory Period in the Dog’s Heart, Proc Soc Exper Biol & Med 
19 174, 1921-1922 Drury, A N, and Ihescu, C C The Restoration of the 
Normal Cardiac Mechanism in Cases of Auricular Fibrillation by Means of Quini- 
dm Sulphate, Brit M J 2 511, 1921 Lewns, T , Drurj', A N , Ihescu, C C , and 
Wedd, A M The Manner m Which Quimdin Sulphate Acts in Auricular 
Fibrillation, Brit M J 2 514, 1921 
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normal rhythm is restored onl} m those cases m Inch the effect on the 
refractory period predominates over the effect on the rate of circus 
movement 

Digitalis, like quinidme, acts diiecth* on the muscle of the heart, 
and indirectly by stimulation of the vagus nerve, the effects being in 
opposite directions Because one effect predominates in some instances 
and the other in the remaining instances, it is impossible to predict the 
action of digitalis in a given case The usual effect, however, according 
to Lewis,^° IS an increase in the rate of circus movement The conver- 
sion of flutter to fibrillation by digitalis is piobably explained in tins way 

The administration of quinidme following digitalization reduces the 
rate of circus movement to the same extent that it does in the absence of 
digitalis The final ciicus rate, however, is definitely higher when 
digitalis has been used, since the rate is thereby higher when quinidme 
IS started Assuming now that quinidme has lengthened the refractory 
period of auiicular muscle as much as when digitalis has not been 
used, the possibility of closing the gap is improved under the combined 
effects of quinidme and digitalis The smaller the gap between the crest 
and wake of the circulating wave, the easier it is to close Furthermore, 
the combined use of the drugs may favor the predominance of effect on 
the refractor} period over that on the rate of circus movement, this 
would be significant m view of the nice balance which ordinarily exists 
Finalh, it is possible that digitalis causes the vave to ciiculate m a 
shorter path, which accounts m part for the increased rate of circus 
movement That this takes place when flutter is converted to fibrillation 
under the influence of digitalis can hardly be doubted, such a change, 
moreover, facilitates the ease with vdiich the gap may be closed 

We may say then, that although digitalis produces an effect on the 
fibiillatmg auricle opposite to that pioduced by quinidme, theoretically 
the combined action of the two diugs ma} favor the termination of 
circus movement We may expect, under such conditions, to succeed 
vith smaller doses of quinidme, and this actually has been our 
experience 

Digitalization is of lalue m preientmg ventiiculai tachycardia, which 
is a fiequent annoying lesult of the i eduction m the rate of circus 
mo^ement In patients vith slight congestive failure or limitation of 
reserve, it is to be expected that digitalization will improve their general 
condition 

A possible, but tinproi ed, effect of digitalization is the prevention of 
fixed flutter vhich ma} result fiom quinidme therapy and which mav 
be distressing and eien fatal 

15 Lewis, T The IMechanism and Graphic Registration of the Heart Beat, 
New York, Paul B Hoeber, 1925 
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UNTOWARD RESULTS FROM QUINIDINE THERAPY 

A number of patients complained of the minoi manifestations of 
cinchonism — iinging in the eais, slight deafness, fulness in the head, 
headache, flushing, dizziness, itching of the skin and diaiihea One 
patient died suddenl}^, hut m reviewing the ciicumstances, it seemed 
unlikely that hei death was due to quinidine The patient was a woman, 
aged 46, with hypei tension, hypei tensive heait disease and auiiculai 
fibi illation which had been paioxysmal for foui yeais and constant foi 
two months befoie quinidine was given Noimal ihythm was lestoied 
by 96 grams (6 22 Gm ) of quinidine taken duiing a peiiod of five 
days, without any toxic effects fiom the diug After twenty-foui 
houis, auiiculai fibi illation recuiied When last seen, the patient appai- 
ently was in good condition, the pulse rate being 80 pei minute and 
irregular Twenty-fi^e minutes later, while sitting on the bed pan, she 
died suddenly Autopsy was not peimitted 

As is usual, tiansitional auiiculai fluttei was obseived in seveial 
patients, in the course of a change fiom auiiculai fibiillation to noimal 
rhythm, but m this series fixed fluttei did not occiii 

In one patient a regulai ventiiciilai ihythm at the late of 70 pei 
minute without evident P waves in any of the ciistomaiy axial leads 
occiined after seveial doses of quinidine In latei electiocardiograms 
one P wave was evident Quinidine had to be discontinued on account 
of s)Tnptoms of cmchomsm, and auiiculai fibrillation shoitly lecuiied 
Two other cases with regulai ventiiculai tachycaidia without evident 
P waves occurimg as a lesult of quinidine theiapy have come undei oui 
observation These thiee cases will form the subject of a sepaiate 
communication Fiom obseivation of these cases we believe it likely 
that standstill of the whole heait may explain some of the repoited 
fatalities during quinidine theiapy which were hitheito unexplained 

COMMENT 

In the senes lepoited previously fiom the Massachusetts General 
and New Haven liospitals,^ the fiist sixty of the total of seventy-five 
patients weie piactically unselected The cases studied for the present 
lepoit weie all selected, one of the considerations being the piobabihty 
of success according to the gcneially accepted ciitena Yet in the fiist 
series, m 68 per cent of the cases the ihythm was restoied to noimal 
and in the second sei les, in only 65 7 pei cent Oui attention is ai rested 
by this compaiison, and it is peitinent to inquiie into the meaning of the 
failure of selection to laise the numbei of favoiable i espouses 

Following the woik of Lewis we may attribute the teimination of 
"fibrillation by quinidine to a piedommant influence upon the lefiactoiy 
period,” and the failuie of quinidine “to its balancing or predominating 
influence on conduction,” the balance oidinaiily being a nice one In 
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practice this may mean that m any series of cases in which the patients 
are properly treated the numhei responding to quinidme therapy wall 
lary wnthin small limits Korns/® from a clinical study of his cases, 
finds “support for the theor)’’ that the action of quinidme m abolishing 
circus movement is not conditioned by the type of cardiac lesion, degree 
of decompensation, duration of fibrillation, etc, hut is essentially related 
to the pathologic physiology of the auricular muscle ” 

We can hardly overlook the fact, however, that ^arlous factors may 
hare considerable influence, and perhaps all the more so because 
quinidme effects a nice balance, at least in experiment, as it changes 
the refractory period and conduction in auricular muscle Moreover, 
there is a greater difference in the degree of success attained with 
quinidme in the numerous senes of cases reported in the literature 
than can be explained entirely on the basis of proper or improper treat- 
ment And finally, a study of oui cases indicates to us that certain 
factors, already discussed, do have a bearing on the outcome of 
treatment 

In judging the value of quinidme in general or in any one particular 
case, the permanence of the result obtained by its successful use is the 
most important consideration If the restored normal rhythm is to be 
but a transitional state between two periods of permanent auricular 
fibrillation, it is best not to resort to the use of quinidme in this condi- 
tion The patient cannot he benefited by such ti eatment, and he has been 
exposed to the toxic action of the drug and to the danger of embolism 
It IS from this point of view especially that the selection practiced in 
this series of cases has appeared to be successful, as may be seen by 
referring to the follow-up study presented , for in the second series the 
number of “permanent” restorations of normal rhjdhm is much greater 
than m the first series 

That quinidme is a laluable drug, and that it is desiiable to continue 
its use in peimanent auricular fibrillation, is clearly evident from the 
large number of cases that we have now been able to follow for a 
number of years after the lestoiation of normal rhythm Theie can be 
no doubt that these patients have been benefited by the drug 

QUINIDINE THERAPY IN OTHER CONDITIONS 

We haie had an opportunity to observe the effect of quinidme in 
twenty-nine cases of paroxysmal auricular fibrillation and two of 
paroxysmal auricular flutter Most of these patients have been observed 
for a long period of time, from seven to eight years m the oldest cases 
In sixteen of the patients with fibrillation, quinidme was beneficial, in 

16 Korns, H !M An Experimental and Clinical Studj" of Quinidm Sulphate 
II Clinical, Arch Int lied 31 36 (Tan) 1923 
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e patients quinidine was of no \ alue , in three patients its action was 
doubtful in one patient it appeared to be effective at first but later not 
only uas it ineffective but it appeared to aggravate a regular tachy- 
cardia wluch occurred in addition to the parox\-sms of fibrillation, and 
in four patients the action of quimdine could not be determined, in tivo 
of these on account of sensitneness to the drug A patient in whom 
qmnidine was ineffective for the parox^'sms of fibrillation found the 
drug useful for paroxi'sms of -ventricular taclncardia One of the 
patients in whom the action of quimdme on the fibrillation was doubtful 
had frequent premature beats which were effectively controlled by the 
quinidine digitalis proi ed eft ectn e in stopping the paroxi sms of fibril- 
lation in this patient The benefiaal effect of digitahs was seen in one 
other patient in whom quinidine appeared to be entirely ineffective 

The benefiaal action of quinidine was manifested in five patients by 
tlie termination of the paroxysms of fibrillation in three patients 
quimdme was useful in reducing the number of paroxisms, while in 
four patients the number of paroxi'sms was reduced and the attacks 
were shortened In tliree patients tlie paroxi'sms of fibrillation did not 
recur after rations of quinidine had been taken for a short period of 
time 

^^'^llle quimdme appeared to be of definite -value in 64 per cent of 
the patients witli parox 5 'smal auricular fibrillation m w horn the action of 
the drug could be estimated, other measures of treatment were resorted 
to m these patients, and these undoubtedly had some influence on tlie 
outcome of treatment Reassurance regulation of diet, avoidance of 
fatigue, improvement of the general physical condition and otlier 
such measures have contributed to the success of treatment 

One patient with paroxysmal flutter found quinidine ineffectiie, 
although digitahs seemed to be of value The second patient wdth 
paroxysmal flutter took 18 grams (1 16 Gm ) of quimdme daily' with 
almost constant regularity for about se\en years Although he had a 
daily' paroxy sm of flutter he felt worse when not taking quimdme He 
had no toxic symptoms from the constant use of qmnidme Digitalis 
appeared to make him w orse 

Ommdine was effective m a small group of patients with either 
paroxysmal tachycardia or premature beats In one patient writh 
paroxysmal tachy'cardia quimdme was beneficial at first but later became 
ineffective , then digitalis was found to be effective In another patient, 
quimdme successfully' stopped some attacks of tachycardia , in others it 
did not, although digitahs was effective A third patient had paroxy'smal 
auricular fibrillation and paroxysmal ventricular tachycardia Quimdme 
was effective for tlie paroxysmal ventncular tachycardia, although it 
had no influence on the fibrillation 
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SUMMARY AND CONCLUSIONS 

This paper consists piimaiily in a clinical study of the action of 
quinidine sulphate in sixty-two cases of permanent auricular fibrillation, 
eight cases of permanent auriculai fluttei, twenty-nine cases of 
paioxysmal auiicular fibrillation, two cases of paroxysmal auiiculai 
flutter, and a small group of cases with paioxysmal tachycaidia and 
premature beats A follow-up study of a senes of seventy-five additional 
cases of permanent auricular fibrillation and fluttei lepoited in 1923 is 
also presented We have reached the following conclusions from a 
study of this mateiial 

1 In the senes of seventy cases, compnsmg sixty-two of perma- 
nent auriculai fibi illation and eight of fluttei, normal rhythm was 
restoied in 65 7 pei cent 

2 In apparently noimal hearts (seven cases), peimanent auricular 
fibrillation was terminated by quinidine in 100 pei cent of the cases, 
11 respective of the age of the patient and the duration of the fibrillation 
These patients are the most satisfactoiy to treat 

3 The next most responsive group is that of patients with rheu- 
matic heart disease who aie less than 41 years of age 

4 In the hyperthyroid group the i espouse is somewhat better than 
in the group of patients with hypertensive and arteriosclei otic heait 
disease 

5 When not dealing with normal heaits the most important single 
factor which influences the outcome of the treatment is the duiation of 
fibrillation This is tiue in a limited sense only, for the response is 
surprisingly high when the fibrillation has lasted less than a month, 
beyond this, duration apparently is of little or no importance 

6 Age IS important in the group of patients with rheumatic 
heart disease The desired response occurs in a high percentage of 
the young patients, but occurs in a much smaller proportion of the 
patients more than 40 years of age 

7 Etiolog}’^ has but a minor influence on the i espouse to quinidine 
therap}' 

8 Recent congestive failuie i educes the probability of success from 
the use of quinidine, the duration of fibrillation has not accounted foi 
the pool response in the cases with congestive failuie 

9 Factors contiibuting to failure in some of our cases were insuf- 
ficient quinidine dosage, intercurrent infections and possibly alcoholism 

10 A past history of congestive failure, the size of the heart when 
enlarged, the t}pe of fibrillation and sex appear to be of no influence 
on the outcome of treatment In each of the ten patients with noimally 
sized hearts normal rh}thm was restored 
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11 The histoiy of fibrillation for a gieat many years, in the absence 
of valvular disease and congestive failuie, lecent or present, is not a 
contiamdication foi quinidine theiapy 

12 It seems highly desnable to digitalize all patients as a matter of 
loutine befoie staitmg qumidine Full theiapeutic doses should be 
used Theie is clinical, expeiimental and theoretical justification for 
this view Digitalization is not indispensable in many cases, but m some 
it will spell the difieience between failuie and success Often normal 
ihythm may be attained with smallei doses of quimdme if digitalization 
has been resoited to It may add to the comfoit of the patient, impiove 
his condition and possibly pi event fixed flutter No haim has been 
obseived fiom the combined use of digitalis and qumidine 

13 In this new gioup of seventy patients there was one death which 
might possibly be attiibuted to qumidine, but piobably was not due to it 

14 The most frequent change of mechanism noted in the electio- 
cardiogram was fluttei, but in no case was it fixed In the entiie senes 
of patients leceivmg qumidine in the Massachusetts Geneial Hospital 
theie weie two cases exhibiting piobable auricular standstill A third 
case was seen in a piivate patient It seems likely that some of the 
fatalities repoited duiing qumidine theiapy may ha\e resulted fiom the 
standstill of the whole heait 

15 Qumidine is of value in pieventing and teimmating paroxysmal 
auiiculai fibi illation, and is effective in some cases of paioxysmal rachy- 
caidia and piematuie beats 

16 In cases of auiiculai fluttei, digitalis is piobably moie effective 
than qumidine Digitalis appeals to be moie effective than qumidine 
111 occasional cases of paioxysmal auiiculai fibi illation and paioxysmal 
tachycardia 

17 In judging the value of quimdme in peimanent auiiculai fibril- 
lation, the ciiteiion of gieatest impoitance is the peimanence of the 
results obtained Oui follow-up studies have indicated that (1) lestoied 
normal rhythm is “peimanent” m a significant numbei of patients, and 
(2) although theie is no definite evidence that noimal ihythm piolongs 
life or 1 educes moitahty, it is clearly evident that it piomotes the health 
of the patient 



THE EFFECT OF DIGITALIS ON THE 
ELECTROCARDIOGRAM 

AN EXPERIMENTAL STUDY ON DOGS AND CATS 
WILLIAM A BRAIMS, MD 

CHICAGO 

Considerable attention has been paid to the electi ocardiographic 
changes, particularly of the T wave, following the administration of 
digitalis Experiments performed on human beings and on animals 
have not given the same results m the hands of different observeis 
Pardee,^ using normal persons and patients with heart disease, found 
that the T wave began to decrease m amplitude as early as from two 
to four hours after the administration of tincture of digitalis m doses 
of 1 minim (0 06 cc ) per pound of bod}’’ weight The maximum effect 
was seen in from six to seven houis, and the change lasted for about 
twenty-four hours The same author stated later that similar effects 
were noted with much smaller doses, in fact, with from one sixth to 
one eighth of the dose previously mentioned Pardee - considered a 
change in the T wave as a reliable sign not only of the beginning 
action but also of the absorption of digitalis, and suggests this as a 
criterion for the effect of digitalis and as a method of standardization 
He ® used this method m comparing the effect of digitalis when given 
by the oral, hypodermic and intravenous routes 

In 1915, Cohn, Fraser and Jamieson^ described the depression of 
the T wave following the administration of digitalis They observed 
that the change m the T wave preceded the appearance of nausea or 
changes m the rhythm or conduction time In human beings, the 
depression of the T wave developed into a negative wave after a dosage 
of 1 2 Gm of dried digitalis leaves Similar results were obtained 
by Marvin, Pastor and Carmichael ® in patients before an operation 

Submitted for publication, Nov 30, 1928 
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was performed Hams ® also lepoited such changes Cohn and 
Stewart" lepoited that they found a change in the T wave constantly 
m dogs after intravenous injections of tincture of digitalis or digifoline 
They gave digitan by mouth and also found a changed T wave Robin- 
son and Wilson® injected tincture of digitalis into cats They injected 
one tenth of a previously detei mined minimal lethal dose intiavenously 
eveiy ten minutes, and made electrocai diogi aphic tracings at intervals 
of one, five and nine minutes aftei each injection The vagi were intact 
in one senes of expeiiments and cut in another Their results showed 
that a negative T wave occurred when about one fouith of the minimal 
lethal dose vas injected and that prolonged conduction time and com- 
plete dissociation occuiied only after the administration of larger 
doses These authors stated the belief that a change in the T wave is 
the first evidence of digitalis intoxication and that the vagi have no 
marked effect on the production of this change 

Other observers reported that the T wave becomes larger after injec- 
tion of digitalis Yacoel and Papanayotou ° gave digitalis to patients 
with heart disease, and concluded that an increased amplitude of the 
T wave along with othei changes are signs of improvement Selenin,^® 
using dogs undei morphine narcosis, found that theiapeutic doses of 
digitalis given intravenously caused an enlarged T wave Bickel and 
Tsividis used labbits and gave Focke’s extract of digitalis intiave- 
nously They found that doses up to 1 cc pei kilogram of body 
weight caused an increase in the T wave, while larger quantities caused 
a smaller wave In another series of experiments, Bickel and Pavlov 
found that ordinal y doses of digitalis and strophanthus caused an 
increase in the size of the T wave and that this Avave later became 
negative Similar results were obtained by Straub Nicolai and 
Simons gave powdered digitalis in doses of 0 1 Gm three times a 
day for five days The amplitude of the wave was found inci eased 
in these persons 

METHOD 

These conflicting reports suggested a series of experiments to determine the 
effect of varying doses of digitalis Dogs were used at first, later cats The 
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animals were weighed daily and were carefully watched for vomiting and other 
signs of intoxication Subcutaneous injections of ethyl carbonate (urethane) were 
given in sufficient doses to keep the animal quiet but not enough to cause sleep 
A control dog, ■which had a negative T wave normally and without the use of 
digitalis, was given the usual quantity of urethane, and an electrocardiogram was 
made one hour later to determine the effect on the T wave No change was 
obser\ed All electrocardiograms were made with needle leads, one lead being 
from arm to arm, the other from the base of the neck to the left groin Chest 
leads were used in cats instead of the arm to arm leads, the needles being inserted 
at each side of the thorax, while the longitudinal leads remained the same as 
for dogs 

The pow'dered digitalis leaves were standardized The other forms of digitalis 
consisted of digalen, Hoffmann La Roche, digitalin, Nativelle, digipuratum. Knoll 
(now described in “New and Nonofficial Remedies” as digitan), and digitalis 
dispert, Krause The smaller doses corresponded to therapeutic quantities in man 
when calculated according to the respective weights of man and of tlie animals 
used , how'ever, much larger, even fatal, doses were also used The drug was also 
given daily to observe the cumulative effect 

Control electrocardiograms were taken before each experiment Further 
tracings were taken at intervals of three, six and twenty-four hours after the 
administration of digitalis The tracings in acute experiments were taken at 
intervals of ten or fifteen minutes for periods of about three hours and again 
fifteen and twenty-one hours later if the animal survived 

EXPERIMENTS 

The first senes of experiments consisted in noting the changes 
following the administration of powdered digitalis leaves by mouth 
with the aid of a stomach tube 

A dog weighing 4,500 Gm was given 0 004 of standardized digitalis 
leaves by mouth once daily for four days There was practically no 
change in the electrocai diogram except a slowing of the heart rate 
from 275 to 195 per minute The T wave remained the same as in 
the contiol 

Another dog, weighing 7,000 Gm , received 0 008 of powdered 
digitalis leaves in the same wa}'- for four days Larger doses were 
then tried A dog weighing 5,100 Gm was given 0 016 of digitalis 
for four days A male dog, weighing 5,900 Gm , received 0 024 daily 
foi three days, then 0 048 twice daily for two days and then 0 104 once 
on the next day, making a total of 0 368 in six days Another dog, 
eighing 4,400 Gm was given 0 032 once daily for three days, then 
0 128 dail}'- for tvo days, making a total of 0 352 in five days In the 
electi ocardiograins made of the foregoing animals, the T wave occa- 
sionally increased in amplitude b)'’ 1 or 2 mm , but this was rare In 
none of these tracings was there a reduction in the amplitude of the 
T wave, and the ^va^e never became negative The only change con- 
stantly present w^as a definite reduction in rate, which might have been 
due to the fact that the animals became accustomed to the procedures 
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'1 he failure to record changes in the T wave, even after large doses 
of digitalis by mouth might he due, perhaps, to the nonabsorption from 
the gastro-mtestinal tract To exclude such a possibility subcutaneous 
admimstiation was tiied A dog \\eighmg 5,700 Gm was given 3 cc 
of digalen, Hoffmann La Roche, subcutaneously, and electrocardiograms 
were taken three, six and twenty-four hours later A change was not 
observed, and vomiting did not occur The animal was given 5 cc 
on the next day and 5 cc again on the day following, making a total 
of 13 cc m three days Theie was a slight reduction m the amplitude 
of the R and S, and the T wave became somewhat lo^^el for a while, 
but its height at the end of the experiment was exactly the same as 
m the control A negative T wave was never obseived The same 
animal was then given 10 cc subcutaneously and died three hours 
later 

Intramuscular injections of digitalm, Nativelle, were then emplojed 
A female dog, weighing 8,700 Gm , was given 0 5 mg of digitalm in 
olive oil mtramusculai ly Another 0 5 mg was given on the next day 
and 1 mg on the following day, making a total of 2 mg in thiee days 
The electrocaidiogiams, taken at inteivals of thiee, six and twenty-four 
hours after each injection, did not show a deviation fiom those of the 
control tracings, and the T wave became neither lower nor negative 

The intravenous route was next chosen A dog weighing 4,400 Gm 
was given digitalis dispert, Krause, the standai dized stiength being 
150 fiog doses in 0 1 Gm The total dose of 200 mg was divided into 
small doses and given during a period of thiee hours Electrocardio- 
grams were taken every fifteen minutes The heart rate dropped from 
225 to 156 per minute, and the PR interval increased from 0 08 to 
012 seconds This change occuired at the end of the first houi, after 
75 mg had been injected intiavenousl)’’ No additional changes occurred 
during the rest of the experiment or m a tracing taken fifteen hours 
later The T wave did not show a change at any time, even when the 
heart rate dropped and the PR interval was prolonged 

Digipuratum, Knoll, was then injected intravenously This prepa- 
lation was found satisfactoiy and was used in all further expeiiraents 
The dog which failed to leact to intramuscular injections of digitalm 
was used on the following day, after another control electrocardiogram 
had been made The animal received 2 cc iiiti avenously Tracings 
were made at inteivals of ten and fifteen minutes for a period of two 
hours Subsequent tracings were made thiee, twenty-one and twenty- 
seven hours later There was practically no change m the electrocardio- 
gram at any time The same dog was used for a more acute experiment 
after the last tracing was taken Electi ocardiograms weie taken every 
ten and fifteen minutes during the experiment, which lasted two hours 
The first dose of digipuratum given intravenously was 4 cc Distinct 
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changes were seen in the electrocardiogram in thiity minutes The 
heart rate dropped from 168 to 96, the PR distance was increased fiom 
0 08 to 012 seconds, and the amplitude of the T ^\ave was reduced 
from 4 to 2 mm The value of this reduction is doubtful, as a contiol 
tracing from the same dog, taken foui days earlier, showed a T wave 
of only 3 mm A change of 1 or 2 mm seems indecisive Another 
injection of 2 cc did not pioduce furthei changes m the wave, but 
the amplitude of R and S was reduced Another dose of 4 cc was 
given, and ventricular tachycardia occuiied The animal died shortly 
afterward This expeiiment showed that a negative T wave did not 
appear, and that this wave became reduced only by 1 or 2 mm even 
though the drug was given until death was caused The slight varia- 
bility in the electiocardiogram taken for control on different days dis- 
counts an equally slight change in the T wave after the administration 
of digitalis 

Anothei dog was given smaller doses of digipuratum intravenously, 
and electrocardiograms were taken every fifteen minutes for two and 
a half hours and again m sixteen hours The animal weighed 6,200 Gm 
and leceived 2 cc as the first dose aftei a control tiacing had been 
made Vomiting occurred in five minutes, but there was no change 
in the electiocardiogram at this time Another injection of 2 cc was 
given thirty minutes later, and an electrocai diogram taken thirteen 
minutes aftei this dose showed definite changes The heai t rate dropped 
from 195 to 120, the PR interval increased from 0 06 to 0 16 seconds 
and there was marked sinus arrhythmia at times, heart block and 
escaped beats were present and ventricular extrasystoles were seen All 
of these changes appeared at the same time, none was present before 
The T wave was unchanged A further dose of 1 cc was given thirty 
minutes after the last one, and the T wave remained unchanged The 
other signs of toxicity persisted Another dose of 1 cc was then 
given, making a total of 6 cc for a dog weighing 6,200 Gm m a period 
of two and a half hours Ventiicular tachycardia now developed A 
tracing taken fifteen houis later showed a return to sinus rhythm, but 
the PR interval was still 0 04 seconds longer than on the control 
tracing The T wave was unchanged, slightly liighei if anything 
The digipuiatum in this experiment was given until definite toxicity 
occurred, but the T wave never became negative In fact it was 
slightly higher at the end than at the beginning of the expeiiment 
An interesting feature vas the fact that none of the dogs that received 
digitalis developed coupled beats Even toxic oi fatal doses failed to 
produce this phenomenon in contrast to the frequent occurrence in cats 
A similar but smaller series of experiments was made on cats 
Digipuratum was given intravenously at intervals of thirty minutes, 
and electrocardiograms were taken eveiy ten oi fifteen minutes for the 
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two and a half or thiee hours that the experiments lasted The cats 
were weighed and leceived sufficient doses of ethyl carbonate (urethane) 
subcutaneously to keep them quiet but not enough to put them to sleep 
Needle leads weie used as previously desciibed Conti ol tracings were 
taken before the diug was given 

A cat, which weighed 2,100 Gm , was given 2 cc of digipuratum 
intravenously and tiacmgs were made at fifteen minute intervals for 
a period of three hours Salivation and vomiting occuired m seven 
minutes, and the electiocaidiogram taken fifteen minutes aftei the 
injection shoved idioventricular ihytlim Another tiacing taken fifteen 
minutes later still showed idioventricular rh)^thm, but the ventricular 
beats were of two varieties, one foim alternating with the othei, form- 
ing coupling Later records showed complete block, but the T wave 
remained positive except m two tiacmgs m which the T wave 
was diphasic A distinctly negative T wave was not seen although 
there were signs of seveie intoxication before the wave reappeared in 
conducted beats The animal subsequently developed ventiicular 
tach} cardia 

Another cat weighing 3,800 Gm was given digipuiatum intrave- 
nously m smaller doses, which were lepeated The experiment was 
perfoimed as with the fiist animal The first dose was 0 5 cc and the 
heart rate was i educed fiom 210 to 165 per minute The T wave 
was positive m the chest leads of the control and negative in the 
longitudinal lead of this curve The wave became iso-electric m the 
fiist lead thirty minutes aftei the injection and remained slightly nega- 
tive for the remainder of the expeiiment The longitudinal lead 
remained practically unchanged Othei signs of intoxication developed, 
such as vomiting and finally idioventricular rhythm, which in places 
consisted of coupled ventricular beats of different tjpes This animal 
received a total of 1 5 cc of digipuratum intravenously 

A cat weighing 2,200 Gm receded 0 5 cc of digipuiatum mtia- 
venously and then 0 25 cc every thirty minutes until a total dose of 
1 25 cc was given The heart late fell fiom 216 to 168 The R was 
reduced from 6 mm to neail}'- zero, and the T wave became negative 
fifteen minutes aftei the first dose Complete block and idioventricular 
rhythm appeared later, m seventy-five minutes This animal also 
showed coupling of two different varieties of ventricular beats 

A cat, which weighed 2,900 Gm , was given digipuiatum intrave- 
nously under the same conditions as the previous animals until a total 
of 1 75 cc was administeied The heait late was decreased only 
slightly, the R giadually became smaller, from 14 mm in the control 
to 5 mm The T wave at fiist became slight!} negative and then 
returned as a positive wave about thiity minutes before idioventricular 
rhythm set in 
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COMMENT 

Expel iments on dogs in winch various prepaiations and doses of 
digitalis weie given by diffeient loutes showed lesults which were 
different from those reported b}’’ other investigators The leport of 
Cohn and Stewart," which stated that dogs which received sufficient 
amounts of digitalis constantly showed changes in the T wave, could 
not be coiioborated There is no question of sufficienc}'^ of dosage in 
m}'’ experiments, as the dogs showed other evidences of intoxication, 
such as heait block, am iculoventncular and ventiicular ihythms and 
vomiting In some instances, the drug was given until death lesulted 
These expei iments on dogs also showed that seveial of the electro- 
cardiographic evidences of intoxication all appeared at about the same 
time This is in contrast to the results of Robinson and Wilson,® 
who experimented on cats and found that a change in the T wave 
preceded block and dissociated rhythm The fact that diffeient animals 
weie used must be kept in mind 

Another interesting feature was that coupling was not obseived in 
dogs legal dless of the quantity of digitalis given This is in contiast 
to the results obtained with cats 

The lapidity of intravenous action was demonstrated m dogs when 
sufficient quantities were given A dog that received 4 cc of digi- 
puratum intiavenously vomited in thirteen minutes, and heart block was 
piesent thiity minutes after the injection 

A constantly negative T wave was not observed m a single instance 
111 dogs 111 spite of the fact that sufficient quantities weie given to 
produce distinct signs of maiked toxicity It may be stated in passing 
that some animals are more susceptible to digitalis than otheis of the 
same species Magnus^® told of two varieties of cats fiom the same 
cit}, one being moie resistant to digitalis than the other This can 
hardly be the case in my expei iments, as there were many other evi- 
dences of toxicity showing that the drug was sufficiently effective 
These lesults throw some doubt on the advisability of using the 
T wave as a criterion of the activity of digitalis in man It is, of 
course an open question whether the results of expei iments on dogs 
can be transferred to man, but the failure to observe a negative 
T vave in a single instance and the leports previously mentioned on 
man, which contiadict the statement that a change in the T wave is 
a sign of digitalis action, seem to show the advisability of at least 
fuither stud} on this question befoie definite conclusions can be reached 
The expel iments on cats were less cleaicut and of less value because 
a smaller numbei of animals were used Unforseen circumstances 
made it impel atne to cut short the experiments It may be stated, 

15 Magnus Arch f exper Path & Pharniakol 135 283 (Oct ) 1928 



BEAMS— DIGITALIS AND THE ELECTROCARDIOGRAM 683 


however, that a negative T wave was not a constant obseivation even 
though the amount of digitalis was pushed to extieme toxicity A 
serious objection also is the fact that the T wave was negative at one 
tune and later positive duiing the same expeiiment aftei more of the 
diLig was given Fuithei stud}^ is necessaiy befoie definite conclusions 
can be drawn in this respect 

SUMMARY 

1 Dogs weie given vaiious prepaiations of digitalis in diffeient 
doses and by vaiious loutes The quantities given varied fiom what 
would coiiespond to theiapeutic doses to quantities causing definite 
toxicity and death 

2 Electi ocai diogi anis taken at fiequent inteivals and ovei a long 
period of time failed to show a constantly loweied T wave The wave 
was never seen to be negative 

3 Intiavenous admmistiation pioduced effects in a few minutes 
when the dose was sufficiently laige 

4 It seems an open question whethei the T wave can be used as 
a ciiteiion of the action of digitalis 

5 Expel imeiits on a small senes of cats pioduced vaiiable lesults 
The T wave sometimes became negative and at othei times lemained 
unchanged The observation that the wave may become negative for 
a time and then letuin as a positive wave after moie digitalis was 
given seems to point to the necessity foi moie study with these animals 
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In this papei, we pieseiit the data obtained fiom the study of blood 
drawn from a senes of human addicts leceiving moiphine sulphate 
h}'podermically in sufficient quantity to pi event withdrawal symptoms 
All of these addicts exhibited the so-called withdrawal symptoms on 
cessation of admimstiation of the drug These S 3 fmptoms have been 
described in a pievious papei by us ^ and are well known to any one 
familiar with the drug problem Our purpose in this stud)’’ has been 
twofold The fiist objective was to search foi possible changes m the 
ph) sicochemical piopeities of the blood of these addicts, our second, 
to obtain values in addicts receiving the drug for compaiison with the 
lesults obtained from the same addicts following the withdrawal of the 
diug 


EXPERIMENTAL PROCEDURE 

During this study the addict leceived the quantity of drug required, 
which was administered to him by the nurse in charge of the ward As 
a rule, the same quantity sufficed fiom day to day foi each subject, but 
any minor disturbance in the ward on the part of other refractory 
patients always resulted in a need for a greater aiuount This varia- 
tion of dosage is common among addicts at liberty with a supply of the 
drug at hand The slightest degree of fear on their part always 
resulted in a temporary increase in dosage The dosage of the drug in 
the cases studied varied from 6 to 30 grains (0 4 to 1 95 Gm ) of 

Submitted for publication, Dec 27, 1928 
'■ From the Narcotic Wards of the Philadelphia General Hospital 
■^Expenses of this research vere defraj'ed by the Committee on Drug Addic- 
tions, New York Citj The research vas earned out under the guidance of 
the Philadelphia Committee for the Clinical Study of Opium Addiction m the 
•wards of the Philadelphia General Hospital, which were placed at our disposal 
through the courtcsi of the Director of Public Health, Citv of Philadelphia 
1 Light Arthur B , and Torrance, Edward C Opium Addiction I The 
Conduct of the Addict m Relation to In\estigatne Studj, Arch Int Med 43 206 
(Feb) 1929 



THE ROLE OF ALLERGY IN TUBERCULOSIS 


ARNOLD RICE RICH, MD 

BALriMORE 

DEIINIIION 01* ALLERGY 

When the animal body liecomes infected with tubeicle bacillus, its 
leactive poweis soon become profoundly altered This deep-seated 
alteration is in many respects imperfectly undei stood, but it manifests 
itself 111 at least two important ways In the first place, tubeicle bacilli 
cannot thrive as well m the pieviously infected body as in the normal 
one, 1 e , an immunity is developed which, while admittedl}- incomplete, 
IS nevertheless of the greatest impoitance in lestraining the growth of, 
and pi eventing further invasions by, the bacillus In the second place, 
this immune body is abnormally susceptible to protein derived from the 
body of the tubercle bacillus Locally, amounts of tuberculoprotein 
that are lather harmless to the normal body produce necrosis of tissue 
and intense inflammation in the infected one Intiavenously, amounts 
that will be ignored by the normal body promptly pioduce fever, pros- 
ti ation and even death m the infected one In other words, after infec- 
tion the body becomes hypersensitive, or “allergic,” to the protein of the 
bacillus In the pathogenesis of tuberculosis, this allergic condition plays 
a role which is no less impoitant than that of immunity It is a direct 
agent of tissue destruction, its piesence or absence determines to a con- 
siderable degree the chaiacter and the extent of the lesions and symptoms 
which will result from infection with the tubercle bacillus, and there are 
many who believe that it is only through allergy that immunity can 
operate 

It IS important to define clearly at the outset just what phenomena 
are to be included in the term “allergy,” for different wi iters mean some- 
what different things when they speak of the “alleigic reaction” All 
recognize that the allergic body reacts more violently to the bacillus than 
does the normal one, but whether the difference in reaction is qualitative 
or merely quantitative, whether allergy includes immunity or is a process 
quite separate from immunity, whether the local fixation of bacillary 
antigen is or is not a function of allergy — ^these and numerous other 
matters are regarded in diffeient ways by diffeient investigators, and 
are all too frequently treated vaguely and even inconsistent!} 

Submitted for publication, March 5, 1929 

*From the Department of Pathology, The Johns Hopkins University School 
of Medicine 

*The Gross Lecture Read before the Philadelphia Pathological Society, 
Nov 8, 1928 
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Although the term “allergy” signifies, broadly, a condition of altered 
reactivity, when applied to bacteiial infections (and especiall} to tuber- 
culosis) custom rather limits the use of the term to certain tissue reac- 
tions and constitutional symptoms which are quite different fiom those 
associated with anaphylaxis This is a result of the work of Baldwin, 
Zinsser and others who have clearly shown that an animal may be highly 
anaph} lactic to tuberculoprotem, falling into anaphylactic shock in the 
characteiistic way when tuberculin is injected intravenously, and yet 
possess no capacity to exhibit a tuberculin leaction when tubeiculo- 
protem is injected locally, and, conversely, an allergic animal, giving a 
brilliant local tubei culm reaction, may not be anaph\ lactic at all, although 
the intiavenous injection of tuberculoprotem will cause giave symptoms, 
quite diffeient, however, fiom those of andph)dactic shock In this 
papei, therefoie, anaph3daxis will not be included m the teim “alleigy ” 
Whatever the ultimate meaning and function of allerg)’- may be, this 
much can be said with certainty The infected body becomes changed in 
some manner which lenders the lelatively bland protein of the tubercle 
bacillus capable of acting on its tissues as a poweiful iiiitant and poison 
As a lesult of this change, the cells of the allergic bod) aie more exten- 
sively damaged and killed by a given amount of tuberculoprotem than 
aie the cells of the normal body, and, fuitheimore, because of this 
enhanced irritant action of tubei culopiotem on alleigic tissues and 
because of the resulting more extensive damage and death of cells, there 
appears a more violent acute inflammation at the site of action of tuber- 
culopiotein m the allergic body More prompt and extensive damage 
and death of cells and more extensive acute inflammation constitute, 
therefore, the local visible expression of the action of alleig)'- Con- 
stitutional!) , the greatei irritative effect of tuberculoprotem on the 
alleigic bodv is manifested by the fact that fever, malaise, prostration 
and death can ensue when an amount of tubei culopiotem which is haim- 
less for the normal body finds its wa) into the blood stream of the 
allergic one I think that it is important to realize clearly that everything 
vhich happens at the site of an uncomplicated allergic leaction is merely 
the standai d reaction of the body to a chemical ii ritant It is no curious 
01 new tipe of leaction With properly adjusted concentiations, it 
Mould be impossible to differentiate histologically between the site of a 
tuberculin reaction and a site into which one had injected sulphuric acid 
I do not mean to imply here that tuberculoprotem itself acts as the 
irritant to the allergic tissues Of that, one cannot )et speak with cer- 
tamt)’- But it IS certain that some substance, irritating and poisonous to 
the allergic bod^ is present at the site of an allergic reaction, and I 
shall speak later of the nature of this ii ritant 
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The moie intense inflammatory i espouse of the allergic body, as con- 
trasted with the usual leisuiely appeal ance of a tubercle following the 
introduction of bacilli into the tissues of the normal body, has led numer- 
ous competent investigators to believe that the allergic body has acquired, 
through infection, the capacity to leact to the tubeicle bacillus m a man- 
ner which IS different qualitatively from that m which the normal body 
IS able to react to that organism One authority, for example, has 
recently written that when bacilli aie mtioduced into the tissues of the 
normal body the development of a nodular tubeicle is “the only anatom- 
ical response which such tissues will malce,” and that this response is not 
essentially modified by the numbeis of bacilli mtioduced 

As foi acute inflammation, the same wiiter has stated ^ “We never 
meet with inflammation in tubeiculosis except m the alleigic animal ” 
In other words, the allergic body has acquired the power to react to the 
tubercle bacillus with acute inflammation — a power which the normal 
body did not possess 

I cannot share this view The expeiimental studies which Dr 
McCordock and I have earned out leave no doubt m our minds that 
either the allergic or the noimal body can lespond to the bacillus with 
either tubercle foimation or acute inflammation, and that the number 
of bacilli and their site of lodgment are of gieat importance m deter- 
mining the chaiacter of the leaction One or two bacilli deposited 
m certain tissues of even a highly alleigic body may call foith only 
tubercle formation, on the other hand, while even moderate numbers 
of bacilli can call foith acute inflammation in the normal body, larger 
numbers always do It is, however, clear that the acute inflammatory 
response of the allergic body to any given dose of bacilli will tend to 
be much more intense than that of the noimal one This is a result 
of the fact that, m addition to any inherent irritative propeity of the 
tubercle bacillus, tubeiculopiotein acts as a far more powerful irritant m 
the hypei sensitive body Our most caief ul histologic studies have 
failed to reveal the slightest qualitative difference between the character 
of the local leaction of the noimal and the allergic body to the tubercle 
bacillus, if such factois as time, the chaiacter of the infected tissue and 
the numbeis of oigamsms aie taken into account 

RELATION or ALLERGY TO ACCELERATED TUBERCLE 

FORMATION 

I have said nothing about “acceleiated tubercle foimation” as a part 
of allergy for the reason that, fundamentally, I do not believe that it is 
In 1914, Rist and Rolland ^ obseived that the injection of a small num- 


1 Krause Am Rev Tuberc 15T37, 1927 

2 Rist and Rolland Ann de med 2 13, VO'IA 
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ber of tubercle bacilli into the skin of an alleigic animal was followed, not 
by severe inflammation and necrosis, but by the development of a nodule, 
or tubercle, comparable to that formed in the skin of a normal animal as 
a response to a few bacilli Howevei, in the allergic animal this nodule 
developed somewhat moie lapidly Kiause and Peteis ® confiimed this 
observation in a careful series of expeiiments, and the phenomenon has 
since become familiar to every obseivant student of the allergic reaction 
It is this more rapid development of a tubeicle m the allergic body that 
has come to be called “accelerated tubeicle formation” and to be 
regarded as a form of the allergic leaction At the risk of being 
Regarded as attempting to eiect distinctions that aie not diffeiences, I 
must draw into question the piopiiety of the universal acceptance of 
accelerated tubercle formation as an integral part of the allergic reaction, 
for although the phenomenon undoubtedly occurs as desciibed, I believe 
that It IS an accidental lesult of the allergic reaction rather than a pait 
of It In the Arthus phenomenon, in which nonbacterial proteins can 
serve as the antigen, and m every known example of bacteiial allergy, the 
local tissue reaction is fundamentally the same, namely, damage to the 
cells, oidinary acute inflammation and, if the dose of antigen is laige 
enough, death of the cells It is true that the lapidity and the intensity 
with which these effects follow the application of the antigen are diffei- 
ent in different cases In some instances, furtheimore, the acute inflam- 
matoiy exudate will be predominantly seious, while in others it will be 
purulent, perhaps The cells of the exudate may vary in type , the tissue 
cells may be merely irritated, they may be damaged, or they may be 
killed outright But there seems to be a single fundamental mechanism 
underlying allergic tissue reactions, no matter what the antigen may be , 
and, no matter what the antigen, the tissue reaction is always funda- 
mentally the same, that is, the standard leaction of the body to a 
chemical irritant It therefoie clouds somewhat, the concept of allergy 
if one gathers into the teim everything that happens when the hyper- 
sensitive body IS exposed to the complex body of the tubercle bacillus 
It IS known that the allergic leaction is called foith by the protein part 
of the bacillus, and that when tuberculoprotein alone is injected into the 
allergic bodv cellular damage, necrosis and inflammation result, but 
never tubercle formation It is well known that tubeicle foimation is a 
lesult of the presence not of soluble tuberculoprotein, but of the lipoid 
part of the bacillus None of the lipoid is needed to elicit the allergic 
reaction , nor can one produce the allergic leaction by injecting the lipoid 
alone into the allergic body If, however the lipoid happens to be 
present by the side of tuberculoprotein, wandering cells attracted 
rapidly to the spot by the action of the piotein will engulf the lipoid 


3 Krause and Peters Am Rev Tuberc 4 551, 1920 
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and form tubeicles It is extremel}'- probable, although I have never 
attempted to demonstrate it, that any nonspecific foreign body tubercle 
would be formed with greater rapidity if the inert particulate matter were 
injected togethei ^Mth an mflammatoiy iiritant, and this merely because 
the wandering cells would be moie rapidly attracted to the spot But it 
is in no sense justifiable to confuse the process of acute inflammation 
with that of tubercle formation Acute inflammation is a complicated, 
specific type of reaction, and tubeicle formation is a sepaiate, different 
process Acute inflammation invokes primarily a vascular reaction and 
does not imply any tendenc)'- to the formation of tubercles On the other 
hand, the tubercle lequiies no mflammatoiy vascular paralysis foi its 
evolution It is, ph} logeneticall} , the most primitive organized form of 
reaction to invading organisms, and occurs in lower animals which 
possess no circulator}’- system and in which, therefore, acute inflamma- 
tion IS out of the question Tubercles can be formed independently of 
blood vessels in aii) tissue in which mononuclear phagocytes are present 
and, indeed, even m vitro on a covei slip m tissue cultures Since, in 
tuberculosis, they are a response only to the lipoid of the bacillus and 
since that hpoid cannot itself elicit the allergic reaction, one must i egard 
accelerated tubercle foimation as merely an accidental complication of 
the presence of the lipoid at the site of action of tuberculoprotein, and 
not as a specific t} pe of expression of the allergic mechanism 

The objection which I have raised is not an idle or scholastic one It 
IS made in the attempt to remove, as far as possible, all extianeous and 
confusing matters from the concept of bacterial allerg}’-, and to emphasize 
the fact that local h} persensitive reactions to protein aie, in essence, all 
alike, legal dless of what protein serves as the antigen They are all 
alike m that they all consist in inflation, damage, or death of cells, and 
in ordinary acute inflammation At the least, I would urge a thorough 
and separate inquiry into the mechanism of every additional phenomenon 
which may be observed to happen m association with allergy before it is 
complacently regarded as an integral part of the alleigic mechanism ^ 

RELATION or ALLERGY TO LOCAL FIXATION OF BACILLI 

From such a standpoint, let us examine the relation of allergy to the 
alleged local fixation of tubercle bacilli in the immune body Since the 

4 From this point of view, it is clear that the present tendency to speak ghbly 
of the lesions of rheumatic fever as "allergic manifestations” of infection with a 
streptococcus mai"- justly be regarded with suspicion While it is always possible 
that the acute inflammatory lesions in this disease mai be associated with allergy, 
the specific Aschoff body is a completely different sort of reaction and should, for 
that reason, even if one is willing to ignore its astonishing specificity, point to the 
presence of some, as yet undiscovered, specific etiologic agent at the site, capable 
of producing a lesion of the character of the Aschoff bodi 
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early studies of Koch, innumerable expeiimental observations have sug- 
gested that the spread of viable bacilli from a local focus of reinfection 
IS interfered with in some way in the immune body Krause and 
Wilhs® have made an especially careful study of this matter Their 
method, biiefly, was this A measured number of virulent bacilli were 
injected into the skin of noimal animals and of animals which had been 
previously made immune by an injection of bacilli of low virulence At 
frequent intervals following the introduction of the virulent bacilli into 
the skin, the lymph nodes draining the sites of cutaneous infection weie 
excised, and inoculated into fresh animals, in order to find out whether 
or not they contained tubeicle bacilli, and thus to determine whether, in 
the immune animals, there had been any delay in the escape of the bacilli 
from the cutaneous site of inoculation These authors found that the 
nodes taken from the normal, nommmune animals contained living 
bacilli as early as twenty-four hours after the injection into the skin, 
but the nodes draining the infected skin areas of the immune animals 
were not infective before the end of two weeks after the cutaneous 
inoculation Their conclusion was, therefore, that when tubercle bacilli 
enter the tissues of an immune animal they are held fixed at the site 
where they lodge foi a considerable length of time, and then spiead 
thioughout the body is coi i espondingly delayed, as contrasted with the 
rapid spread of the bacilli in the nommmune animal This is what is 
meant by the teim “local fixation” of bacilli While it is entirely pos- 
sible, especially in the light of Opie’s work on nonbacterial antigens, 
that many kinds of bacteria may be held fixed at the site of their entry 
into the immune body by some specific mechanism, so far the results of 
methods which have been designed to demonstrate bacterial fixation are 
susceptible of other possible interpretations It must be remembered, 
for example, that tubercle bacilli cannot live as well, and are more 
rapidly destroyed in the immune body, it is therefore possible that they 
were not held fixed, bodily, in the skin in the foregoing experiments, but 
that the early lack of infectivity of the regional nodes of the immune 
animals was a lesult rather of the fact that there were too few viable 
bacilli within those nodes when they are excised Certainly, we our- 
selves have nevei been able to discover any diffeience between the 
number of stainable bacilli at the site of inoculation into the skins of 
normal and immune animals duiing the fiist few days after the inocula- 
tion , and after that, the number of bacilli in the area in the normal 
animals surpasses that m the immune animals — quite the reverse of 
what one would expect to find if the bacilli were quickly drained fiom 
the site in the normal animals, and actually held there bodily for days in 
the immune animals While there are objections to conclusions drawn 


5 Krause and Wilhs Tubercle 6 438, 1925 
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from the number of stainable bacilli in such expel iments, Iheie aie also 
certain lathei grave souices of eiioi in the expei iments designed to 
demonstiate the fixation of intact bacilli, and undoubtedly moie woik of 
a different natuie must be done to settle the question Howevei, if one 
provisionally accepts the view that the bacilli aie actually held fast, 
bodily, in immune tissues, how is this immobilization effected^ In the 
immune body, alleigy is usually piesent also, and consequently a more 
maiked inflammatoi}’- leaction follows the mtioduction of bacilli, and 
It is to this alleigic inflammaloiy reaction that the immobilization of the 
bacilli has been attiibuted by numeious waters The inflammatory 
exudate has been assumed to hold the bacilli mechanically at the spot 
and so to pi event their spiead , and this is one of the reasons why alleigy 
has been regaided as a mechanism of unmunity I cannot discuss heie 
the vaiious facts which speak against the view that acute inflammation 
pel se can pi event, so immediately and completely, the spiead of bacteria 
Such a discussion would lead us into the pioblem of why certain bacteria 
have an innate tendency to glow in localized colonies in the tissues of 
the noimal body, while othei bacteiia tend to spiead lapidly and diffusely 
through the tissues in spite of the most intense inflammation It would 
also be necessary to consider the fact that ineit particles, led cells, 
fragments of cells and phagocytes laden with debus are diained freely 
and in abundance from an aiea of acute inflammation, as the most 
cursoiy examination of the sinuses of legional lymph nodes will show, 
and, fuither, that the lymph diainage fiom a site of acute inflam- 
mation IS more abundant than fioni the same aiea in its noimal state 
These and numerous other facts, difficult to leconcile with the alleged 
power of an acute inflammatory exudate to stop at once the spread 
of bacteiia thiough the lymphatics, have been discussed at length m 
another place ° I can only say now that if the bacilli are actually 
held fixed in the immune body at the site of reinfection, it is much 
more probable that they aie so held not by inflammatory exudate, but 
by some specific, precipitin-like mechanism such as that suggested by 
Opie to explain the local fixation of foreign protein, such as egg white, 
when introduced into the tissues of the sensitized body Discussing 
the role of specific pi ecipitation in the local fixation of protein antigens, 
Opie wiites that, in the sensitized body, “the foieign substance, fixed 
at the site of injection, produces here an intense leaction”'^ I inter- 
pret that to mean that he regards the intense mflammatoiy reaction 
rather as a lesult of the local fixation and maintenance of local con- 
centration of the antigen — quite the reveise fiom the view of Krause 
and others who maintain that it is the mflammatoiy reaction which 

6 Rich and McCordock Bull Johns Hopkins Hosp , 1929, to be published 

7 Opie Tubercle 7 23, 1925 
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holds the antigen fixed at the spot I would, fuithei, call attention to 
the fact that, without exception, all those who assume that it is acute 
inflammation which holds the bacilli fixed mechanically neveitheless 
admit the undeniable fact that when acute inflammation occuis about 
a quiescent tuberculous focus, theie is a pionounced tendency, not to 
the immobilization of the bacilli at that site, but to their spread from 
it, and, as fai as I can find, no attempt is made to reconcile this fact 
with the assumption that a seveie acute inflammation can pi event the 
immediate spread of bacilli 

I shall not dwell fuither on this question except to say that there is 
at piesent no leason that I know for legaiding the local fixation of 
bacilli as a pait of the alleigic reaction and, until more is learned about 
the mattei, I believe that it is wiser to regard the two phenomena as 
separate and dissociable, and to try to analyze separately the underlying 
mechanism responsible for the immobilization of the antigen when such 
immobilization occurs, and that responsible for the allergic hypersensi- 
tivity of the tissues to the antigen in question 

THE MECHANISM OF ALLERGY 

It is obviously of piime importance to tiy to understand the underl}'-- 
ing mechanism of allergic hypersensitivity — the mechanism lesponsible 
for the fact that the tissues of the infected body are readily injured and 
killed by the introduction of amounts of tuberculoprotein which are 
lelatively harmless to the tissues of the noimal body Since the actual 
substance introduced is the same in each case, it is clear that the alleigic 
body has become changed in such a way that either tuberculopi otein 
itself now can act diiectly on it as a powerful irritant and poison, or 
else that the body has acquired the power to act on tuberculoprotein with 
the resulting formation of a noxious substance, which then damages the 
cells Both the cellulai damage and the inflammation of the allergic 
reaction aie, as I have said, merely the manifestations of the action of 
an irritant to which the allergic body is susceptible What is the 
explanation of this fact that tubeiculoprotem is a violently irritating 
poison to the tissues of the allergic bod}'^^ 

In the light of what is known of protein hypersensitive reactions it 
IS generally believed that the most piobable explanation of the allergic 
cellular damage and inflammation in tuberculosis is that the}’- are the 
results of an antibody-antigen reaction, in which tuberculoprotein con- 
stitutes the antigen which i eacts with an antibody formed during infec- 
tion According to this view, the cells of the sensitized body might be 
unchanged and normal, while the plasma and tissue fluids contained the 
antibody capable of acting on tuberculoprotein to yield an irritating 
substance, toxic for the normal cells If this were so, the addition of 
tuberculoprotein to the plasma of an allergic animal should result in 
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the foimation of a toxic substance that would cause cellular damage and 
inflammation m any animal, whethei allergic or not In spite of the fact 
that passive tiansfei of allergic hypersensitivity to tuberculin has been 
doubtful, or at least difficult and irregular, there were reports in the liter- 
atuie indicating that this might be the basic mechanism of allergy , there- 
fore, seveial years ago we tested the possibility at some length by 
incubating tubeiculin in vaiious ways with plasma from allergic animals, 
and then injecting the mixtuies into normal animals, in ordei to deter- 
mine whether or not injurious substances had been formed as a result of 
the contact of tubeiculopiotem with alleigic plasma We weie never 
able to pioduce anything compaiable to tuberculin reactions by the injec- 
tion of such mixtuies into the normal animal Zinssei, likewise, recently 
reported similar negative results 

A second possibility to be consideied is that the active antibody does 
not circulate freel)^ in the bod}^ fluids, but that it is bound to the tissue 
cells in such a way that the antigen-antibody reaction leading to the 
formation of the mjuiious substance takes place actually within or on the 
cells Zinsser feels that he has obtained some evidence that this is the 
case by means of injecting mixtuies of tuberculin and extracts of ground 
up tuberculosis tissue into the skin of normal animals, but he speaks of 
his positive results as “iiiegular and occasional ” ® 

Finally, it is conceivable that the pioduction of cellular damage 
through allergic hypersensitivity is a result of an antibody-antigen leac- 
tion dependent on alterations in both the tissue cells and the body fluids 

For numerous reasons, into a discussion of which I cannot enter here. 
It was felt that experiments of the nature of those I have mentioned 
left much to be desiied m the matter of proving or disproving the 
site of antibody localization , and, since it had never been proved 
whether or not the iiidmdual cells of the alleigic body aie them- 
selves inheiently changed m any manner which renders them moie sus- 
ceptible than noimal cells to the protein of the tubeicle bacillus, Mrs 
Lewis and I ^ recently applied ourselves to the attempt to answer the fol- 
lowing direct question Is it true that, following infection with the 
tubercle bacillus, the individual cells of the vai lous tissues of the body do 
become changed m such a way that they aie more readily injured by 
tuberculoprotein, regardless of the character of the body fluids by which 
they are sui rounded^ 

In Older to answer this question, it is necessaiy to be able to com- 
pare by direct obseivation the effect of tuberculoprotein on the isolated, 
living cells of noimal and of alleigic animals, and the method naturally 
chosen was that of tissue culture Only in this manner can cells be 

8 Zinsser J Exper Med 4.4 753, 1926 

9 Rich and Lewis Proc Soc Exper Biol & Med 25 596, 1928 
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kept alive for days, separated from their own body fluids, and removed 
from the complicating effects of cnculatory, metabolic and neivous 
influences, and from the uncontrollable variations in antigen concentia- 
tion which may result from the local fixation of the antigen It is haidly 
necessaiy to recall how decisive was the in vitro method when it was 
applied to the solution of the mechanism of anaphylaxis 

It IS deal that, if the bodily change underlying the allergic state is 
primarily a cellular one, the tissue cells when removed from the allergic 
body will exhibit a greater susceptibility to tubeicuhn even when sui- 
rounded by plasma from a normal animal If, on the other hand, there 
IS an antibod}'’ in allergic plasma which can leact with tuberculin to 
produce an injurious substance analogous to anaphylatoxm, normal cells 
should be visibly injuied when grown in such a medium, for tissue cul- 
ture provides a delicate method of studying the effects of injurious sub- 
stances on cells Finally, if both a cellular change and a ciiculating 
antibody are necessaiy for the reaction, alleigic cells should be injuied 
when exposed to tuberculopi otem m the piesence of alleigic plasma, but 
umnjuied by tuberculoprotem m the presence of normal plasma These 
weie the possibilities which we had before us at the outset 

Briefly, our technic was to wash thoroughly, through several changes of Locke’s 
solution, the minute fragments of tissue which were to be used for the cultures, in 
order to free them as completely as possible from any adherent tissue fluids The 
pieces of tissue were then placed in plasma to which tuberculin had just been added 
in the desired concentration In each experiment we used cells and plasma from 
a normal guinea-pig, and from an allergic guinea-pig which had reacted strongly 
to tuberculin intracutaneously before the experiment The cells used were white 
blood cells from the buffy coat of centrifugalized blood, and also the tissue of the 
splenic pulp, which grows readily in culture Old tuberculin, water extract and 
broth filtrates of cultures of tubercle bacilli were used as antigen As a control, 
the standard concentrated glycerin broth control for old tuberculin was used This 
control was always entirely harmless to both normal and allergic cells m the con- 
centrations used to control the effect of the tuberculin 

The results of these experiments, which were sharp and cleai-cut 
throughout a series of many hundreds of cultuies, demonstrated that, 
duiing infection, the individual tissue cells actually become altered mtei- 
nally in some manner which lenders them inherently more susceptible 
to tuberculoprotem than they weie before Allergy, therefore, resides 
in the cells, and not in the body fluids At least, no circulating antibodies 
aie necessary for the production of the injurious local effects of allerg}’’ 
in tuberculosis This is in agreement with the fact that the results of 
attempts to transfer tubeicuhn allergy passively have always been 
doubtful The intimate nature of this cellular alteration remains to be 
solved It cannot vet be stated with ceitainty that an antibody-antigen 
reaction takes place, but it is extiemely probable that such is the case 
One of the most curious circumstances i elating to the problem is the 
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well known fact that altliough the allergic body is hypersensitive to 
tuherculoprotem extracted from the bacillus, this hypersensitiveness 
cannot be induced by the injection of tuherculoprotem Whole bacilli, 
alive or dead, must be injected in order to set up the allergic state 
Perhaps this is only because the artifiaal injections of tuherculoprotem 
have not fulfilled the conditions of its liberation and absorption during 
infection, or perhaps the true sensitizing antigen is not the extractable 
tuherculoprotem, but a parent substance present in the body of the 
bacillus and changed during extraction 

THE INFLUENCE OF ALLERGY ON THE CHARACTER OF LESIONS 

I shall turn now to the role that allergy plays in determining the type 
of lesion which the tubercle bacillus will produce The extent and 
character of any given tuberculous lesion found at autopsy have been 
determined by the interpla}’’ of a number of factors, chief among which 
are the virulence and the numbers of the infecting bacilli, the degree of 
native, individual and acquired resistance of the body, the degree to 
which allerg)’- is developed, the character of the tissue m which the 
bacilli lodge, and the length of time which has elapsed since the bacilli 
were deposited at the site m question Obviously, most of these factors 
are completely lost to one in any given case of human tuberculosis which 
comes under observation , but they can, for the most part, be governed or 
measured in the experimental animal Dr McCordock and I ® have 
accordingly made a comprehensive study of the results of the interplay 
of these factors under controlled conditions From such a study we have 
become able to interpret the manifold t} pes of tuberculous lesions mth a 
feeling of much greater security in the correctness of our interpretations 
than we formerly had I cannot enter here into the general results of 
this investigation, but I would say that there are a number of rather 
simple principles governing the influence of the previously mentioned 
factors on the character of the lesion, and that the application of these 
prinaples allows us to forecast the effect of various experimental com- 
binations and, therefore, to reconstruct, with better understanding, what 
has happened at the site of the lesions encountered m human autopsy 
material As an example of the manner in which the application of 
these principles can further the understanding of ceitam types of lesions, 
let us consider for a moment the lesion characteristic of acute caseating 
miliar}'- tuberculosis It has long been known that when a sufficiently 
large number of unselected cases of miliary tuberculosis are studied 
microscopically, they can be divided into two groups First, there are 
the cases m which true tubercles are scattered through the tissues — 
tubercles of the textbook variety made up of compact aggregations of 
well preserved epithelioid cells and giant cells bound together by reticu- 
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lum For convenience I shall call these “haid” tubercles, in contrast 
to the second type in which the scattered tubercles are loosely formed, 
and the cells composing them exhibit a marked tendency to undergo 
early death, so that even the most minute aggiegations of cells fre- 
quently appear as small foci of caseation The latter type I shall refei 
to as the “soft” tubeicle There has been not a little speculation con- 
cerning the reason for the existence of these two types of miliary 
tubercles Some have thought that bacilli of different degrees of viru- 
lence might be the underlying cause of the difference m rapidity and 
extent of necrosis, others have regarded the soft type as an evidence 
of “low resistance” on the part of the body , recently, the view has been 
advanced that the small caseous foci are merely the very early stage 
of the larger haid tubercles, with central caseation However, none 
of these views will stand the test of critical examination Since the 
striking difference between the hard and the soft tubercle is the ten- 
dency to rapid necrosis of the cells of the soft variety, it should 
suggest itself at once that allergy is involved in the matter, for it is 
allergy which, in effect, tiansforms tuberculoprotem into a necrotizing 
poison Can one say, therefore, that the piesence of a high degree 
of allergy is the cause of the necrosis of the soft tubercle^ Not at 
all We have repeatedly found fiesh, well preserved, hard tubercles 
in patients and animals in which allergy was at a high level at all times 
during the several weeks before death, as detei mined by repeated, 
graded tubeiculm tests It is at this point that one may make use 
of one of the simplest and most obvious of the principles relating to 
the effect of allergy on a lesion — namely, the principle that one or 
two bacilli aie not sufficient to cause necrosis of any extent, even in 
the face of an extreme degree of allergy That must be familiar to 
every one, for every one knows that a minute amount of tuberculin, such 
as could be obtained from one or two bacilli, would not cause a slough- 
ing tuberculin reaction , but it was not until we deliberately applied to 
the question the obvious fact that both allerg}’- and numerous bacilli are 
required for rapid and marked necrosis that we were able to understand 
the nature of the soft tubercle Then, the injection of graded doses of 
bacilli into allergic and normal animals, as well as the comparison 
between the numbers of bacilli in hard and soft tubercules in man, soon 
made it clear that the soft tubercle was merely the result of the presence 
of large numbers of bacilli acting m the face of allergy The difference 
in the number of bacilli to be found in the hard and soft types of tubercle 
IS enormous 

This leads one to certain matteis of interest from the standpoint of 
symptomatology McCordock and I ® have, in another place, offered 
what we believe to be very good evidence against the old view that miliary 
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tuberculosis is alwa)^s the lesult of a sudden discliaige of quantities of 
bacilli into a large vessel, and in favor of the view that many cases result 
from a much more gradual infection of the blood stieam thiough micro- 
scopic vessels In the case of the soft tubeicle, however, one does find 
in the tissues exactly what might be expected as a lesult of the sudden 
discharge of large numbeis of clumped bacilli fiom a caseous focus into 
the blood stieam Indeed, m a human case m which autopsy was pei- 
foimed at a veiy early stage of the process, such clumps were actually 
found 111 the capillaries of vaiious tissues It is well known that when 
a large number of bacilli or caseous debris impregnated with tubeiculo- 
protem is suddenly injected into the blood stieam of an allergic animal, 
that animal quickl}^ develops a constitutional allergic reaction and 
becomes very ill One should, therefore, expect that, in man, in the 
instances in which miliaiy tuberculosis is caused by the sudden discharge 
of a caseous focus into a laige vessel, the accident should be heralded by 
a sudden, severe onset of illness, with s}mptoms of a constitutional 
tubeiculin leaction, whereas, in the instances in which miliary tubercu- 
losis arises as a result of the gradual feeding of bacilli into the blood 
stream, the onset should be insidious As a matter of fact, the develop- 
ment of the great majority of cases of miliaiy tubeiciilosis is so gradual 
that the onset cannot be detei mined clinically, and m the gieat majoiity 
of cases haid tubercles containing very few bacilli aie found in the 
tissues at autopsy On the other hand, in reviewing the clinical histones 
of 0111 cases of miliaiy tuberculosis in which soft tubercles were found, 
111 each instance there was a story of a sudden, stormy onset leading to 
death The sudden discharge of a caseous focus into a large vessel in 
an allergic individual may thus be recognized clinically by the abrupt 
onset of symptoms, and pathologically by the presence of soft tubercles 
in the tissues at autopsy 

I should like to cite another of the numerous instances in which the 
application of principles deiived from experiments has led to a clearer 
understanding of the lesions produced by the tubercle bacillus What 
IS the pathogenesis of tuberculous meningitis^ If one turns for infor- 
mation to the leading textbooks and to the literature, it will be found 
that while it is mentioned that meningitis may in rare cases result 
from the extension of tuberculous infection from a focus situated 
within the biain or within the bones that enclose the central nervous 
system, most cases aie regarded as the prompt result of direct menin- 
geal infection by way of the blood stream, appearing usually as a part 
of the widespread dissemination of bacilli during the septicemia 
responsible for miliaiy tuberculosis This belief is, without doubt, 
a result of the frequent coincidence of miliary tuberculosis and tuber- 
culous meningitis, especially in childien, together with the fact that 
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the demonstration of an older adjacent tubeiculous focus as the source 
of the meningeal infection has been decidedly exceptional m any routine 
senes of cases What, now, is the usual character of the meningeal leac- 
tion^ A moment’s thought of the extensive inflammatory exudate and 
of the widespread neciosis of the mflammatoiy cells and the contiguous 
meningeal tissues will leave no doubt in one’s mind that acute tuberculous 
meningitis represents a model example of the allergic inflammatory- 
necrotizing reaction If one applies the same simple pimciple which 
has just been invoked m the explanation of the soft tubercle, it will 
be realized that the violent allergic leaction observed in the meninges 
cannot have been produced by only a few bacilli A great many must 
escape into the meningeal spaces to initiate such an allergic lesponse 
Now It IS umversall)'' observed without hesitation that tubeicle bacilli 
circulating in the blood during the course of miliary tuberculosis can 
readily lodge in the meninges in numbers sufficient to call forth the 
inflammatory necrotizing reaction There were, however, several con- 
siderations which stimulated us to test the validity of this assumption 
In the first place, we had become familiar with extreme fonns of miliaiy 
tuberculosis in which, in spite of the fact that every susceptible organ was 
riddled with tubeicles, there was no meningitis at all, not even in cases 
in which we knew that alleigy had remained at a high level up to the 
time of death Why had these allergic patients not developed meningitis 
if circulating tubercle bacilli readilj settle out in the meninges in large 
numbers^ In the second place, a careful study of our cases of tuber- 
culous meningitis associated with miliary tuberculosis soon convinced us 
that the lesion in the meninges is by no means always of the same age as 
the tubercles scattered through the Auscera There were even cases in 
which the visceral miliary tubercles weie unquestionably youngei than 
the meningitis Again, there were in our records the rather baffling 
cases in which meningitis existed in the complete absence of miliary 
tuberculosis and also m the absence of any discovered local tuberculous 
focus from which the infection could have extended The literature has 
shown us that the recoids of oui department are not unique in the 
expel lence of cases of this sort Finally, we had nevei observed the 
development of meningitis as a direct result of the large number of 
expel imental intiaA’^ascular injections of tubercle bacilli which we had 
carried out foi other purposes 

We therefore set about in the deliberate attempt to produce tubei- 
culous meningitis by repeated injections of large numbers of viru- 
lent bacilli into the circulation of allergic animals We were entirelv 
unable to produce meningitis by this means even when we injected 
clumps of bacilli directly into the caiotid aiteiy At best there appeared 
here and there a few scattered tubercles in the meninges although the 
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visceia in such expenmental animals weie studded with tubeicles It 
soon became clear to us that, m the guinea-pig, labbit and dog, tubercle 
bacilli cnculatmg in the blood do not tend to lodge in laige numbers in 
the meninges The amount of tubeiciilosis found in any tissue follow- 
ing infection by the blood stieam undoubtedly is detei mined paitly by 
the ability of that tissue to stop and hold any ciiculating foreign pai- 
ticulate matter, and the expeiiments of Bncknei in our laboiatoiy 
have demonstiated that the meninges belong to the gioup of tissues 
which stop and hold only minute amounts of cnculatmg paiti dilate 
mattei We have found the same to be unquestionably tiue of cii dilat- 
ing tubercle bacilli, and the piesence of alleigy does not mciease the 
abilit}^ of the meninges to stop the bacilli Tubeiculous meningitis, 
then, cannot be pioduced as a diiect result of blood stieam infection 
in animals, and the cases of extieme miliaiy tubeiciilosis without men- 
ingitis indicate cleaily that the same is tiue of man, foi it is a fact 
that the lelative degiee of involvement of difteient tissues in miliaiy 
tubeiciilosis m man is always the same It nevei happens, for example, 
that the spleen or the lungs aie spaied m a case m which the othei 
susceptible oigans aie full of miliaiy tubeicles The fact that the 
meninges aie not mfiequently spaied m such cases means only that they 
aie nevei heavily infected diiectly fiom the blood 

Although we could not expeiimentally pioduce meningitis by send- 
ing tubeicle bacilli to the meninges by way of the blood stieam, it 
was, however, easy to set up typical tubeiculous meningitis by the 
injection of bacilli directly into the subai achnoid space of alleigic ani- 
mals, thus fulfilling the conditions of the pimciple that, foi the pioduc- 
tion of extensive alleigic reactions, laige numbeis of bacilli aie leqimed 

It is evident that all these consideiations made us hesitate to shaie 
the geneially accepted view that, dm mg the septicemia of miliaiy tubei- 
culosis, bacilli lodge in the meninges from the blood stream m numbeis 
sufficient to call forth the acute diffuse alleigic leaction chaiacteristic 
of tubeiculous meningitis Wheie, then, weie the bacilli coming fiom, 
if not dnectly fiom the blood stieam^ The only other possibility was 
that the meninges weie being directly infected by the dischaige of bacilli 
into them fiom some adjacent tubeiculous lesion AVe theiefoie 
began to examine minutely the human mateiial at our disposal and, by 
laboiiously cutting the biams into A>’eiy thm slices and by keeping a 
shaip lookout foi caseous lesions, oldei than the meningitis, in communi- 
cation with the meninges oi the ventiiculai cavities, we found to oui 
surpiise that we weie able to demonstiate such lesions m almost eveiy 
case m which we had the entiie central nervous system for examination 
Small caseous tubeicles m the coitex, although laiely numeious, aie 

10 Bnckner Bull Johns Hopkins Hosp 40 90, 1927 
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frequently present in cases in which there is a progressive visceial tuber- 
culous lesion of any extent, even in the absence of miliaiy tubeiculosis , 
for periods of mild bacillemia, with consequent dissemination of bacilli, 
are the mvaiiable accompaniment of piogressive lesions Similai dis- 
ci ete, sparsely scattered tubercles may be found in the meninges, though 
more rarely than m the substance of the brain For the production of 
meningitis, it is necessar}'- only that these meningeal or cortical tubercles 
grow, caseate and dischaige their bacilli into the meninges Without 
such extension fiom the brain, meninges, oi sui rounding bones we 
believe that tubeiculous meningitis will never occui, and we have been 
able to demonstrate such discharging lesions, usually multiple, m 90 pei 
cent of the forty cases of meningitis we have studied In the four cases 
m which the site of discharge was not found, we did not have the entiie 
brain or the middle eais foi examination It must be remembeied that 
the tubercle bacillus differs fiom pyogenic organisms in the impoitant fact 
that It cannot multiply so lapidly One or two pyogenic bacteria escap- 
ing into the meninges will have formed colonies within twenty-foui 
hours, but not so with the tubeicle bacillus In the infected, immunized 
body one or two bacilli lodging at any site will either be killed outright 
or else encapsulated Of course, not eveiy tubeicle which extends to the 
meninges will set up meningitis Many of them aie completely encap- 
sulated, and this is especially true of large tubeicles in the biain 

I cannot now enter into the other proofs of the coiiectness of this 
view of the pathogenesis of tuberculous meningitis which have been 
brought together elsewheie,^^ oi do more than mention that the same 
principle of direct extension of infection from an adjacent lesion governs 
the development of tubeiculous inflammatory effusions into any serous 
cavity Such serous effusions aie never the immediate result of blood 
stream infection of a seious cavity I have offered this revision of our 
own attitude on the question of tuberculous meningitis only as an 
example of the manner m which the various principles relating to allergy, 
which have been established b)'- expeiiment, may be applied to the clearer 
understanding of the pathogenesis of the most diverse forms of tuber- 
culous lesions 

RELATION or ALLERGY TO ACQUIRED IMMUNITY 

Throughout this discussion of allergy, the effects of alleigic hyper- 
sensitivity to tuberculoprotein have been repeatedly referred to in 
teiTns of tissue damage and destruction, and untoward constitutional 
symptoms Howevei, since it was learned long ago that the specific, 
inherited, cooidinated reactions of the body usually seive the purposes 
of protection and suivival, it is onty natural to feel that the complicated 


11 Rich and INIcCordock To be published, Bull Johns Hopkins Hosp 
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mechanism of alleigy must also exist for some seiviceable end That 
alleigy is an agent of tissue mjuiy — that, indeed, the only thing which 
is really known about the lesult of the action of alleigy to tuberculo- 
piotein IS that it pioduces tissue damage — is peifectly tiue But it is 
hardly possible to believe that acquiied tissue hypersensitivity to piotem 

is, in essence, a mechanism contiived for the suivival of bacteria at 
the expense of the animal host Indeed, so fai fiom believing any such 
thing, the vast majoiity of investigatoi s today hold the belief that the 
alleigic state is a direct mechanism of defense against the invading 
micio-oiganism Although it is so widely accepted as a fact, I cannot 
emphasize too stiongl} that the concept of alleigy as a necessaiy mecha- 
nism of immunity to bacterial infection is still puiely in the stage of 
hypothesis To discuss the matter adequately would lequiie moie time 
than the bounds of this lectin e peimit, but I must speak about the 
question, howeiei incompletely, for the pioblem of the exact status 
of alleigy m i elation to immunity is one of the most impoitant mat- 
ters concerned m the pathogenesis of tubeiculosis Eveiy obseivant 
student of the disease knows well that extensive tissue destiuction and 
constitutional symptoms aie diiectly dependent on alleigic hypei sensi- 
tiveness to tuberculopiotem It is theiefoie of fundamental impoitaiice 
not only for theoretical but also, peihaps, for piactical leasons to know 
whethei or not this h} pei sensitive state which, m effect, conveits the 
bland piotem of the bacillus into a most violent poison, is necessaiy in 
any way foi the opeiation of acquiied immunity 

The hypothesis that alleigy is a mechanism of immunity lests, laigely, 
on the fact that, following infection, both alleigy and immunity appeal 
about the same time and aie usually coexistent theieaftei The moie 
piompt and intense inflammatory leaction which follows the intioduction 
of numbers of bacilli into alleigic tissues has led to the belief that it is 
thiough this leaction that the bacilli are killed and prevented fiom 
spreading In the instances m which only a few bacilli are introduced 
into the alleigic body and no maiked inflammation lesults, but instead a 
somewhat moie rapid evolution of a tubercle, this moie lapid encapsula- 
tion of the oiganisms is inteipieted as a mechanism of immunity in that 

it, too, prevents the spiead of the bacilli thioughout the body The 
destruction of tissue thiough the agency of allergy is legarded, fiom 
this point of view as a local saciifice, necessaiy foi the suivival of the 
body as a whole In view of the unusually destiuctive natme of hypei - 
sensitiveness in tubeiculosis, it is impoitant to know whethei oi not 
this local sacrifice of tissue is actually necessaiy for the opeiation of 
immunity 

I have already pointed out that theie are leasons for believing that 
it is not the inflammation of alleig)’’ which pi events the spiead of the 
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bacilli As for the great emphasis which is laid on accelerated tubercle 
formation as a mechanism of immunity, while it is clear that this piocess 
tends to aid mechanically in the pievention of spiead of the paiticular 
bacilli enclosed in each tubercle, I believe, neveitheless, that accelerated 
tubercle formation is neither a necessaiy noi a decisive factoi in 
acquiied lesistance It is well known that meie phagocytosis and the 
formation of a tubercle about bacilli is not sufficient, alone, to pi event 
their multiplication, oi else piogressive infection would not even follow 
the intravenous injection of bacilli into the nommmune body, for within 
a short time after such an injection, all of the bacilli are within phago- 
cytic cells, and tubeicle formation is well undei way Indeed, the 
cleaiest way to become convinced that the meie pievention of spread of 
bacilli is of little consequence in itself is to observe what happens in the 
immune animal after the organisms aie deliberately spread thioughout 
every tissue by the injection of a fine suspension of bacilli directly into 
the blood stream Several weeks later, at autopsy, these immune ani- 
mals will show few lesions, while nommmune contiols which received 
the same dose at the same time will have developed widespread tuber- 
culosis, with myriads of tubercles throughout their tissues If the sus- 
pension of bacilli IS fine enough and a very small dose impacted so that 
single bacilli stop heie and there, no appreciable allergic inflammation 
occurs in the tissues , and indeed, the diff ei ence in the i apidity of tubercle 
formation in the immune and the control animals will be truly negligible , 
yet the bacilli thnve in the nommmune animals but fail to proliferate 
freely and die out in the immune ones, urging attention to the fact that 
the immune body is a poor medium for the bacillus, regardless of the 
allergic reaction 

What now of the idea that it is the more lapid and extensive allergic 
inflammation which kills the bacilli more piomptly in the immune body^ 
What I have just said indicates that, in the immune body, there must at 
least be some othei mechanism unfavorable to the life of the bacillus, 
but can the allergic inflammation serve that purpose also ^ If it could be 
shown that the circulating blood of the immune body possessed potent 
bactericidal, lytic oi giowth inhibiting properties, it would be clear that 
it would be beneficial to have those antibodies brought quickly by inflam- 
mation to any site at which the bacilli lodge However, up to the 
present, the most painstaking efforts by others as well as by our- 
selves have consistently failed to demonstrate that the plasma of 
immune animals possesses any greater power of destroying or inhibiting 
the growth of the bacilli than the plasma of susceptible, nommmune 
animals What then of the cellular portion of the inflammatory 
exudate'^ It is generallv agreed, I beheie, that in the normal body the 
pelj-morphoniiclear leukocjte plays little role in the destruction of the 
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tubercle bacillus The only prominent phagocytic defense which the 
body possesses against this bacillus is the mononuclear phagoc}te, and 
the merest novice soon leains that the baalli can live and multiply 
only too well within these cells m the normal animal It is conceiv- 
able, however, that in the immune body these phagoc3des have acquired 
a greater power of digesting the bacillus Mrs Lewis and I have, 
therefore, for some time been engaged in feeding tubercle bacilli in 
Mtro to polymorphonuclear and mononuclear phagocytes taken from 
immune and from normal animals, but so far we have not been able 
to detect the slightest difference between the digestive powers of the 
phagocytes taken from the immune animals and those taken from the 
nommmune animals Thus, in spite of the fact that the survival and 
growth of the bacillus are greatly hampered m the intact, immune body, 
up to the present neither the fluid nor the cellular part of the blood of 
the immune body has been found to possess anything definitely injuri- 
ous to the tubercle bacillus in vitro vhich does not exist in normal 
blood It is therefore difficult to believe that the bringing of the blood 
by inflammation to the site of localization of bacilli can be the secret of 
immunity , and, as a matter of fact, Krause and Willis have shown 
that the injection of bacilli into sites of prepared, acute, allergic inflam- 
mation 111 the immune body not only fails to bring about a more rapid 
destruction of the bacilli, but actually favors infection, as compared with 
the results of injecting the same number of bacilli into a noninflamed 
area I have already mentioned the decidedly unfavorable effect of 
acute inflammation on latent foci of bacilli 

It is important for the present discussion that allerg) and immunity 
do not always parallel each other in intensity Thus, Petroff and 
Stewart have recentlj shown that the allerg}- established by the proper 
injection of dead bacilli is in no lespect distinguishable in intensity from 
that resulting from infection with living bacilli, }et the immunity 
acquired from the injection of dead bacilli is distinctly less than that 
following infection with living organisms Furthermore, Wilhs^^ has 
shown that allerg}’^ wanes and practically disappears aftei the lapse of 
months following an immunizing infection, but the animals in winch 
allerg}^ is virtually absent are ne\ertheless found to be highly immune 
when inoculated with virulent bacilli Such experiments as these are 
among the observations which indicate that allerg}- and immunity may 
be separable, dissociable phenomena and that the degree of immunity 
may not depend on the degree of allerg}'^ 


12 Krause and AVillis Am Rev Tuberc 4 563, 1920 

13 Petroff and Stewart J Immunol 12 97, 1926 

14 Willis Am Rev Tuberc 17 240, 1928 
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These expeiiments of Krause, of Petroff and Stewart and of Willis, 
although they appear to me to speak against the identity of allergy and 
immunity, aie nevertheless the pioducts of investigators who adhere 
to the view that alleigy is essential for immunity I i egret that I have 
not suffiaent time now to discuss the explanations which the respective 
investigators offer for these results, for they aie results which are not 
entirely consistent with their own point of view 

The experiments which I have just cited, and also numerous othei 
facts relating to other infections as well as to tubeiculosis, must at least 
render one hesitant about accepting too readily the cuirent statements 
about the necessity of alleigy foi the operation of acquiied immunitj'-, 
and should urge us to search further for a diffeient and moie funda- 
mental mechanism of immunity Even if the blood of the body with 
acquired resistance could be shown to possess acquired bacteiicidal 
powers, it IS cleai that tlie alleigic inflammation, by bringing that blood 
rapidly to a spot, would only be serving as an assistant to the separate, 
acquired, bacteiicidal mechanism of immunity It is customaiy, of course, 
to think of acquiied immunity in teims of specific bactericidal antibodies, 
chiefly because such antibodies do play an impoitant idle in the acquired 
immunity to certain micro-organisms It is, howevei, not impossible 
that in tuberculosis and in certain othei infections the mechanism of 
acquired immunity consists, not in the acquisition of specific bacteiicidal 
pioperties, but m some more subtle incompatibility between bacterium 
and host which interferes with free parasitism If such weie the case, 
there is no reason to believe that the inflammation of alleigy would in 
any way serve that incompatibility That a special tendency to exudative 
inflammation is completely unnecessary for the successful operation of 
an immunity of the latter type must be obvious fiom the fact, observed 
by Lewis and Sanderson as well as by ourselves, that the reaction 
of the normal rabbit to virulent human tubeicle bacilli is as slow 
and leisurely and as pioliferative m chaiactei as is that aniinal’s 
reaction to virulent bovine bacilli , yet the latter infection progresses to 
a fatal termination, whereas the former is completely resisted and does 
not The same is true of the reaction of the guinea-pig to the Ri human 
bacillus of low virulence, as compared with this animal’s reaction to a 
virulent strain The lack of a diffeience in the histologic response of 
the tissues of the rabbit to the two foims of bacillus is somewhat difficult 
to link with the recent report of Lurie that during the first few days 
after infection the human type of bacillus proliferates much more 
rapidly in the tissues of the rabbit than does the bovine type The 
ultimate correlation of these obseri’-ations will be of considerable interest 

15 Levis and Sanderson J Exper Jled 45 291, 1927 

16 Lurie ^ Exper Med 48 155, 1928 
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Meanwhile, there is not the slightest evidence that the phagocytes or the 
fluids of the rabbit are able specifically to destroy a virulent human 
bacillus more easily than a virulent bovine one, or that the gumea-pig 
has a more efficient specific bactericidal defense against a strain of low 
virulence than against one of high virulence Since whether progressive 
infection will or will not occur in any case depends entirely on whether 
or not the bacilli can proliferate ireel)- in the body in question, the most 
that can be said is that the growth requirements of different types and 
strains of tubercle bacilli must be different, and that natural immunity 
may often depend entirely on whether or not a given animal body is 
able to satisfy those requirements In the case of acquired resistance to 
the tubercle bacillus, the evidence at hand suggests, at least, that there has 
occurred in the resistant body some change which has placed it in a con- 
dition comparable to that responsible for natural immunity — z condition 
which merely renders the body a less favorable medium for parasitism 
by the tubercle bacillus It is obviously of great importance to continue 
the attempt to determine what it is that inhibits parasitism in natural as 
well as in acquired immunity in all infections in which specific bacte- 
ricidal properties of phagocytes or body fluids cannot be demonstrated 
I wish to emphasize that, in drawing into question the value of 
allergic hypersensitivity m acquired immunity, I am in no sense ques- 
tioning the value and good service of the inflammation which attends the 
allergic reaction This inflammation, however, appears to me to be 
directed primarily toward the neutralization of the noxious effects which 
tuberculoprotem exerts on the h) persensitive tissues, rather than to be an 
efficient bactericidal attack against the intact, living bacillus It must be 
remembered that, m point of fact, the allergic reaction is not an evidence 
of greater resistance of the individual tissue cells to the protein of the 
bacillus, but of greater susceptibility In the allergic, immune body, 
therefore, one is always confronted with what appears, at first sight, to 
be a paradox the infected body is more susceptible at the same time that 
it IS more resistant than the normal one There is actually, however, no 
contradiction in this The infected body prevents the growth and causes 
the death of the bacilli more readily than does the normal one — ^that is, 
It IS resistant to living bacilli, at the same time, this resistant body is 
sensitized to the bacterial protein liberated into its tissues by the dism- 
tegation of the bacilli, just as it would become sensitized to any foreign 
protein introduced parenterally — ^that is, it is hypersusceptible to tuber- 
culoprotein, for it is generally believed that it is not the intact, living 
tubercle bacillus which initiates the allergic reaction but, rather, the 
protein liberated by the disintegration of the bacilli Even Zinsser, who 
holds the belief that allergic hypersensitivity is of fundamental impor- 
tance in acquired immunity, because it sets the inflammatory mechanism 
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on a “hair-trigger,” so to speak, has recently written the following 
“Bacterial alleigy is a condition in which the body is sensitized to a 
liacterial antigen We believe that this antigen, in its most potent foim, 
results from biological disintegration of the bacteiia The 

allergic state lepiesents an increased capacity on the pait of the tissues 
to leact to this antigen”^" According to Zinsser’s own definition, 
therefore, the allergic state in tuberculosis represents an increased capac- 
ity on the part of the tissues to react, not against living tubercle bacilli 
but to an antigen which is hbeiated as a result of the disintegration of 
the bacilli This means that when bacilli lodge in the tissues of the 
immune body, a mechanism responsible foi their destruction must be in 
opeiation before the alleigic inflammation appears 

I repeat that the capacity for developing hypersensitivity to piotein 
must exist for some seiMceable end, but it is one thing to believe that 
the reaction exists for some useful purpose, and quite another thing to 
believe that it piotects the body against the tubercle bacillus In spite of 
ceitain differences, the various forms of piotein hypersensitivity aie, in 
all probabiht} , meiely diffeient manifestations of one fundamental type 
of reaction which is brought into play under different conditions What 
the basic intent of that fundamental leaction may be is not known It 
has been suggested, foi example, that it exists foi the purpose of pie- 
serving the specificity of the protein of the species However this may 
be. the disastrous effects of the lepeated introduction of foreign protein 
into the blood stieani (as exemplified by anaphylaxis), or into the tissues 
(as nianifested by tuberculin alleigy, oi the Aithus phenomenon) iiiai 
lery well be accidental results of a highly oigamzed, benign, seniceable 
mechanism which, under these ciicumstances, has been forced into action 
111 situations and under conditions quite different from those which sur- 
lound its intended activity Fiom such a point of view, a hypei sensitive 
leaction initiated bv the liberation of a bacterial protein from disintegiat- 
ing bacilli has, basically, the same meaning as a hypei sensitive leaction 
resulting from the dehbeiate forcing of egg-white into sensitized tissues 
It IS no more difficult for me to regard the alleigic hypersusceptibiliti 
leading to tissue damage and inflammation m certain bacterial infections 
as an unfortunate accident, unnecessary foi immunity and mereh result- 
ing from the parenteral hbeiation of foreign protein by the bacteria 
than It is to regard the anaph} lactic state as of no special use in 
immunity to bacteiia , and certainly, an animal may be highly anaphvlac- 
tic to tuberculoprotein without possessing the slightest degree of 
acquired immunitv to the tubercle bacillus , converselv a superb degi ee 
of acquired immumts" to the tubeicle bacillus ma} be piesent in animals 
■which are not anaph} lactic at all Those who feel, on geneial piinciples 

17 Zinsser Bull New York Acad Med 4 351, 1928 
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that since alleigy appeals during infection it must be of use in immun- 
ity, should lemembei that this othei closely i elated hypersensitive state, 
anaphylaxis, hnay also be developed in tuberculosis although it is entirely 
unessential to immunity 

It is obvious that, if alleigic hypei sensitiveness is not necessary for 
immunity, pioceduies aimed at desensitization might be of great value, 
foi desensitization would fiee the tissues fiom their disastrous tendency 
to neciosis, while leaving immunity intact As a matter of fact, what- 
evei beneficial effects attend tubeiculiii theiapy can, to my mind, be best 
accounted for on the basis of the lesulting depression of allergy, with 
the consequent gieatei oppoitunity for repaii to proceed about foci of 
bacilli, unhampeied by alleigic destruction of the newly forming granu- 
lation tissue It IS inteiesting that Hamman and Wolman, m their book 
on tubeicuhn theiapy,^® make the following statement in then discussion 
of the patients who impiove undei lepeated doses of tubeicuhn “In 
the majority of cases,” they wiite, “such a change for the better is 
associated with the development of a tolerance foi tuberculin This is a 
clinical fact, whatevei our theories may be We must not blind 

0111 selves to the well attested clinical obseivation that the average tuber- 
culin patient shows, simultaneously with his improvement under 
tuberculin, a toleiance for tubeicuhn by whatever route This remains 
a fact geneially true, in spite of the citations of individual cases showing 
depaituies fiom this lule and in spite of oscillations of theories of 
immunity ” I know that it is oidinaiily assumed, not that depression 
of alleig) has favoied lepaii by lemovmg an agency which tends to 
destioy connective tissue as rapidly’ as it is formed, but lather that the 
treatment stimulates the foimation of connective tissue, and that alleigy 
becomes depiessed because the lesion becomes encapsulated This I find 
difficult to believe, foi aside fiom the fact that the method employed in 
successful tubeicuhn treatment is exactly the one best adapted for pur- 
poses of desensitization to foreign piotein in general, it is difficult to 
believe that the encapsulation of a laige tuberculous focus could so 
maikedty i educe hypei sensitiveness, while most noimal adults canymg 
about small encapsulated foci letaiii it in a greater degree Fuithermore, 
alleigy may by desensitization be i educed piactically to zero in the 
human being and in the expeiimental animal in the piesence of lesions 
which are piogressive and by no means encapsulated 

If acqtiiied lesistance — the unknown mechanism which restiams the 
growth of the bacillus m the infected body — is actually (as I believe it 
piobably is m tuberculosis) a thing sepaiate fiom allergic hypei senstive- 
ness and can be left intact after desensitization has restored the tissues to 

18 Hamman and Wolman Tuberculin in Diagnosis and Treatment, New 
York, D Appleton & Co , 1912 
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their normal indifference to tuberculoprotein, the secunty against necrosis 
which desensitization assures the tissues would certainly be of the 
greatest importance Perhaps m some infections allergy does assist 
immunity by bringing bactericidal fluids and cells to the spot, but it is 
important, it seems to me, to do more than merely assume this as a gen- 
eralization It is important to study each infection with the purpose of 
determining, first, whether allergy is essential for immunity to the partic- 
ular micro-organism under consideration, second, whether the allergic 
inflammation is actually an efficient bactericidal or growth-restraining 
agent as regards that particular micro-organism , third, to what degree 
the hypersensitivity acquired during that particular infection tends to 
kill tissue, for it is highly probable that this tendency will be found to be 
different in different infections , and, finally, from a weighing of the 
information acquired, to decide whether or not procedures aimed at desen- 
sitization should be attempted In some infections the dissociation of 
allergy and immunity may be more easily effected than m tuberculosis 
Dr Chesney, Dr Turner and I have recently obtained conclusive evi- 
dence of this in an experimental study of immunity and allergy in syphilis 
Certainly, in tuberculosis, it is of great importance to know whether the 
local sacrifice of tissue (which itself, through allergic inflammation and 
allergic necrosis and softening is commonly enough a direct aid to the 
extension and spread of the bacilli) is actually necessary in any way for 
the protection of the body as a whole 

CONCLUSION 

In conclusion let me say that I am keenly aware of the great attrac- 
tiveness of the idea that bacterial alleigy operates to destroy the invading 
microorganism, and perhaps it does not play an accessory role in certain 
infections, although I doubt that it is ever the essential basis of immunity 
However, the enthusiastic eagerness with which this idea is so generally 
seized on in the case of tuberculosis may profitably be tempered by a 
critical examination of the evidence on which it rests In this paper, I 
have been able to present only a few points in the analysis of that evi- 
dence, but I have wished to emphasize that in the present state of 
information in legard to tuberculosis it is wiser not to interchange too 
glibly the terms “allergy” and “resistance ” Noi shall one profit by the 
use of such current evasive phrase as “allergy is an index of resistance,” 
etc The question to be met squarely is this Is or is not tissue hyper- 
sensitivity to tuberculoprotein necessary for the more efficient destruc- 
tion and restraint of growth of the tubercle bacillus observed in the body 
with acquired resistance'? I have offered here a few of the numerous 
reasons for the belief that it may not be necessary, but further experi- 
mentation directed toward the solution of the problem is urgently 
1 equired 
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THE ADRENAL GLANDS - 
G N STEWART, MD 

CLEVELAND 

Since 1915, Dr J M Rogoff has collaboiated with me m all the 
woik on the adienal glands It has been a joint reseaich, and even 
when I speak in the first person singular I include him Further, the 
investigation, although extending over a long time, was planned as one 
continuous piece of work on the two glands constituting the adrenal 
bodies As it was planned, so it was carried out, with few modifications 
The woik on the intei renal gland overlapped that on the chiomaffin 
tissue, but when the lattei had been pioved to possess only slight 
physiologic significance, or, at any late, not to be concerned essentially 
m the preseivation of health and life, we decided to spend no furthei 
time on the medulla but to concentrate all our efforts on the cortex 
Many interesting facts, howevei, weie discovered in legaid to the libera- 
tion of epinephrine from the medulla, and previously known facts were 
confirmed and amplified, some of which are heiein mentioned 

In this paper, no attempt is made to covei the whole field of the 
physiolog}^ and pathology of the adrenal glands This is much too exten- 
sive even to be sketched in the time at oui disposal The liteiatuie is 
vast and continually growing Unfoitunately, much of the work is, 
foi vaiious reasons, so poor that it is kept alive only thiough the con- 
scientious efforts of authois to notice eveiything that has been written 
It would be a distinct advantage if many papers, not necessaiily the 
earlier ones alone, could be forgotten To desciibe everything in detail, 
to analyze and to controveit what is wrong would require the writing 
of a shelf of books A complete account even of what has been alieady 
ascei tamed, oi of what is moie oi less plausibly conjectuied, would fill a 
good sized volume All that can be done heie is to select what seem 
the most important and best established results, paiticularly the more 
lecent ones, to connect them, as fai as possible, with each other and. 

Submitted for publication, Dec 26, 1928 
^ The eleventh Mellon Lecture, prepared to be read before the Society of 
Biological Research of the Unnersity of Pittsburgh in April 1926 Publication 
was delayed by the illness of the author 

From the H K Cushing Laboratory of Experimental Medicine, Western 
Reserve University 
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perhaps, in certain instances to relate them to properties and functions 
of other tissues, as a contribution towaid a futuie theory of the functions 
of the glands 

The actne substance of the medulla having been discoveied and 
isolated at a time when hardly anything was known about the cortex. 
It IS unfoitunate, though natural, that adrenalin oi epinephime should 
have at once assumed the place of the hoimone of the adrenal gland 
It has been so designated almost everywhere, not only in textbooks of 
physiolog}^ but, with haidly an exception, in textbooks of medicine and 
m clinical writings generally, this error has persisted to the present 
hour As the adienal gland is unquestionably important, being, in 
fact, indispensable to life, it seemed necessary to invest the only known 
active principle of the gland with important physiologic functions, 
particularly as the phaimacologic actions of the substance (usually m 
much largei concentiation than can ever exist in the arteiial blood) 
are manifold and most striking Everywhere, then, the importance of 
epinephrine was emphasized It sustained the blood piessuie by its 
vasoconstiictor action It titillated the heart when it tended to lag 
and grow weaiy and kept it to its never ending task It influenced the 
tone of all muscular structures innervated by the sympathetic nervous 
system It caused the pupils to dilate, the eyeballs to appear moie 
piomment and menacing, and the hair on the tail and back to be erected 
when animals were stirred by rage or angei It paiticipated in the 
physical accompaniments of the emotions aroused by combat It even 
caused the blood to clot faster if the combatant was wounded It was the 
only one of the inteinal secietions which seemed to be completely anti- 
pacifist No wonder it became popular No wonder many came to 
agree with Cybulski, who wrote at the time when indications of what 
IS now called epinephrine or adrenalin were found by him m the 
adienal veins “The nervous system is now dethioned” This absurd 
dictum and all that it implies became embedded m the physiology of the 
clinician If standaid textbooks of medicine are consulted today as 
to the pathology of Addison’s disease they still announce that it is the 
loss of epinephrine that causes the chief symptoms, including, of 
course, the fall of blood piessuie Usually the cortex is never men- 
tioned The consequence of all this is that the average leader uses fiom 
his study of the works usually aAailable to him deeply impressed with 
the varied and potent actions of the epinephime liberated by the 
medulla, but scarcely conscious that the coitex is anything else than 
what used to be called a \estigial remnant without physiologic 
significance It is piobably safe to say that nine tenths of the medical 
profession are completely ignorant of the physiology of the adrenal 
bodies, or, what is far worse, have minds so well stored wuth erroneous 
information that truth finds them hard to penetrate Many generally 
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well informed students, if asked what would happen were the adrenal 
medulla to cease dehveimg epinephrine to the blood, wjould probably 
answer that a seveie fall m the blood pressuie would occur, while the 
emotions of the sufferer, m the presence of the physiologic catastrophe, 
would have to i emam unexpressed 

I am not sanguine enough to suppose that such errors can be 
eradicated easily , nor is it my business to car ry on a crusade against 
them It IS not important that they should linger on for a while In time 
all these matter s will be put right On the present occasion, however, the 
opportunity offeied of restating the salient facts in regard to the sup- 
posed functions of the medulla need not be neglected The chief part 
of the paper will deal with the newer work on the cortex 

To forestall a possible ciiticism, or at least to prevent ambiguity, 
it may be stated at the beginning that I generally use the term adrenal 
rather than suprarenal even m the cases in which the latter is anatomi- 
cally correct, as in man In one of the common laboratory animals, the 
guinea-pig, the large adrenal bodies he cephalad to the kidneys rather 
than beside them, and might be denominated suprarenal rather than 
adrenal glands, if the mere anatomic relations were to govern the 
terminology These lelations, however, whatever their occasional 
interest m surgery and pathology, have no functional significance It 
seems better, therefore, to employ one name for the same tissues irres- 
pective of then anatomic relations to the kidneys 

The impoitant expeimiental data have been obtained on the adrenal 
glands of animals If the same word is to be employed to characterize 
one and the same structure, the use of the term adrenal should be 
extended to take in the human gland The opposite rule of using the 
word “suprarenal” indiscriminately in dogs, cats, rabbits, rats, guinea- 
pigs, etc , as well as in man, is insisted on by some editors for reasons 
difficult to fathom It certainly seems clumsy to speak of the suprarenal 
glands of a rat or a cat — quite as clumsy as it would seem to speak of the 
adrenal glands of a man. No harm is done in either case if the self- 
respect of the necessary, harmless contributor is not outraged m the 
process of securing uniformity 

More than seventy }'eais have elapsed since Addison published his 
observations on the “constitutional and local effects of disease of the 
suprarenal capsules ” It shows a penetrating judgment that from a 
clinical and postmortem study of certain cases of the syndrome now 
called Addison’s disease he should have unveiled a relationship, since 
abundantly confirmed, between the syndrome and a destructive lesion, 
especially tuberculous, m the suprarenal glands His observations, 
however, are not always easy to understand For instance, in four of 
the eleven cases described, the lesion was unilateral Now destruction 
of one adrenal gland m animals is harmless Yet, apparently, the 
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clinical symptoms were present in these foiii cases as well as m the 
remaining sev.en m which the lesions were bilateral It may be that 
Addison was m error in regarding the lesion as unilateral m the four 
cases mentioned Microscopic examination might have levealed 
destructive changes m both capsules Certain more recent writers, 
however, have described cases of Addison’s disease associated with a 
unilateral lesion 

At that time it was not recognized that the adrenal body m mammals 
consists of two glands, the cortex or mterrenal gland and the medulla 
01 chiomaffin tissue Even to this day it is not uncommon for authors 
to refer to the adrenal gland as if it weie homogeneous in structuie 
and in function No apology, therefore, need be made for stating 
at this point that the cortex and medulla are considered herein as two 
distinct organs The mere fact that the medulla is embedded in the 
cortex changes nothing except that it entails some modification of the 
blood supply Until this was made clear, it was impossible to advance fai 
111 the study of the adrenal glands, just as it was impossible to advance 
far in the study of the thyroid gland until the paiathyroid glands weie 
discovered and shown to be separate oigans with completely different 
functions 

Seveial yeais ago, m discussing the subject of adi enalectomy and 
the relation of the adrenals to metabolism, I stated that “if the cortex 
IS the important pait of the adrenal it would seem logical m consider- 
ing the special relations of the gland to metabolism to take the cortex 
fiist It happens, however, that by fai the greatest amount of work 
has been done upon the medulla, the leason being that it forms and 
gives off a well chaiactenzed substance, epinephrine, which in sufficient 
doses causes many sti iking leactions, including definite metabolic effects ” 
Foi that leason the medulla was taken up first and at considerable 
length, while the moie important cortex was relegated to the end of the 
pajier and treated briefly In the inteival which has elapsed, much 
pi ogress has been made m knowledge of the cortex, largel)^ thiough 
the lesearches cairied out in this laboratory by Dr J M Rogoff and 
myself Dr de Neckei, Dr R Dominguez and Dr Ecker have also 
collaboiated with Dr Rogoff m inA'estigating certain points It will, 
therefore, be best to reverse the order m the piesent papei and to 
deal first with the really impoitant gland of the adrenal bod)% the 
intenenal gland or cortex 

THE INTERRENAL GLAND OR CORTEX 

It IS not possible to extirpate the cortex except by lemovmg the 
entile adrenal body Proof will be given that the medulla or chromaffin 
tissue can be taken away without affecting the health or life of the 
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animal The consequences which follow total adrenalectoni} aie quite 
difteient and may, theiefoie, be attributed to loss of the function of the 
coi tex 

A large piopoition of white lats siuvive indefinitely the loss of both 
adrenal glands The same is tiue of wild (sewer) lats, as shown by 
Boinet moie than thiitj yeais ago Rogoft and de Necker found 
that m laige batches of good stock fully 50 pei cent of white lats, 
and in some batches still moie, may sui\ive, appaiently foi an indefinite 
time Of adult labbits, not less than 25 pei cent — undei the best 
conditions, considerably moie — recoiei completely aftei excision of the 
two adienal glands and live indefinitely A laige additional numbei 
suiMve for seveial weeks The fact that many lats and labbits suivne 
the loss of the adienal glands has geneially been attiibuted to the 
piesence of accessoiy adienal glands composed of tissue like the 
cortex so that m these animals the opeiation sometimes remains 
incomplete While this explanation may be accepted foi some of the 
animals it cannot be consideied as pioved for all Noi has the amount 
of tissue necessaiy to keep an animal alive been ascertained so exactly 
that an accessoiy, when found can be confidently said to suffice 

The dog is an animal in which, accoiding to macioscopic obseivations, 
accessoiy adienal glands aie exceedingly laie One was encounteied 
m 150 dogs, and this was seen at the tune of opeiation and remoied 
Dogs always die aftei total adienalectomy If the technic is adequate, 
they do not die from the opeiation as such but fiom the S}ndiome which 
IS called adienal insufficiency, and which de\elops after a longei oi 
shoitei peiiod of good health We have accumulated no less than 200 
of these “contiol” dogs m which the adienal glands weie lemoved one 
at a time, Avith an mteival of fioin one to many weeks between the two 
opeiations The lesults on the contiol animals, not subjected to any 
treatment, foi in the indispensable standaid of comparison when a given 
method of tieatment, or the eftect of ceitain physiologic conditions on 
the consequences of total adienalectomy is being tested In ceitain cases, 
the contiol senes has been sivelled by the addition of animals in which 
a given treatment has had a cleaily negative lesult It is not necessaiy to 
lepioduce tables in which the lesults on contiol dogs ha\e been 
embodied They can be found m several of our published papers 

It may be said that most dogs operated on accoiding to our technic 
suivive the lemoval of the second adienal gland foi at least a week 
Many live for ten oi twelve days, a few foi fourteen oi fifteen days, 
and in lare instances the dogs live foi fewei than five oi six days 
One dog of 150 was seen to survne sixteen and a quaitei days None 
of the dogs die in as shoit a time as twenty-foui houis, and we are 
inclined to believe that when an animal suivives foi only two oi tlnee 
days, It does not die of adrenal insufficiency alone We do not think 
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averages of such series of much use, but the average for our dogs is 
about eight days, for the last series it was nine and a half days 
Cats survive longer than dogs The aveiage in our laboratory for 
nearly fifty cats was eleven days The majority lived for fiom one 
to two weeks A few sui vived three weeks, and one about thirt) days 
One cat survived for thirt} -one and a half days, and one, a castrated 
male, which was not included among the controls, more than thirty-five 
days In accumulating control dogs and cats, only male or nonpregnant 
female animals are chosen No female ascei tamed to be in heat at the 
time that the second operation would be perfoimed is taken The 
reasons for these restrictions will appear later 

It scarcely need be said that in all animals used m either senes, 
for control or treatment, most caieful seaich was made both at opera- 
tion and post mortem for accessory adrenal glands Accessory adienal 
glands were seen m two cats and removed at operation In one cat, 
two accessories were observed at the fiist operation and purposely left 
behind , a third was found post mortem The animal lived for fourteen 
days and was not included among the controls 

Guinea-pigs in oui laboratory have been found to survive much 
longer than any mentioned in the hteiatuie, although not as long as cats 
or dogs Many of them live about a week — a few longei 

We have dwelt on this mattei of the control series because in 
judging the effect of a given tieatment or a given physiologic con- 
dition on survival, everything depends on a comparison with a sufficiently 
large series of controls In our opinion, these should be operated on 
by the same observers who operate on the animals in the treatment series 
and under the same conditions Only when both series are accumulated 
m the same laboratory can a real check be made 

Our results differ greatly from most of those in the hteratuie 
Beginning with Biown-Sequard, and m the case of other animals than 
dogs, statements as to the time of survival and the behavior after 
adrenalectomy are seen to be impossible of acceptance, because the 
animals obviously died as a result of poor surgical technic rather than 
adienal insufficiency The symptoms of adrenal insufficiency could 
rarely, if ever, dev^elop clearly and uncomplicated by other symptoms not 
connected diiectl} with elimination of the cortical functions Whatev^ei 
study might be given to the picture, it was bound to be unsatisfactory 
because of the clouding effects of the operation Further, the study 
was necessarily too transitory because the period of survival vv’^as so 
short 

Peihaps the best illustration which can be given of the absolute 
necessity of good technic m drawing conclusions as to the effects of 
loss of the adrenal glands is the work of Brown-Sequard Not long 
after the publication of Addison’s papei, he extnpated the glands in 
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difterent species of animals, and is ci edited with being the first to pro\e 
that the} are indispensable to life This conclusion is certainly true in 
dogs, cats and guinea-pigs, in most rabbits and in some lats, Brown- 
Sequaid, howe\er, did not prove it All the animals which he operated 
on, including rats, rabbits, guinea-pigs, cats and dogs died in fiom nine 
to thirt}'^-seven hours Even when he lemoved only one gland fiom rab- 
bits, guinea-pigs cats and dogs, none sunuved longer than from twenty- 
three to twenty-four hours It is now well known that removal of one 
suprarenal gland, far fiom being fatal, does not affect the health oi 
shorten the life of any animal operated on under proper conditions It 
was pointed out at the time by Phillipeau that there were other causes 
than the loss of an indispensable function which might account for the 
fatal consequences of Brown-Seqtiard’s operations, foi example, 
hemoirhage and sepsis, both extremely common Cooling, perhaps 
undue prolongation of opeiations, inadequate care befoie and after 
opeiation and excessive tiauma m a field peculiaily susceptible to 
trauma almost certainly contributed to the bad results In any case, 
vhat has been said shows clearl} that Brown-Sequard was not in a 
position to draw an} conclusion from his results 

It has not been sufficiently recognized, perhaps, that the surgical 
difficulties m adienalectomy are except in rats, greater than m opera- 
tions on most of the other endocrine glands Remo^al of the thyroid 
gland IS simple, so is remo^al of the parath}roid glands as soon as the} 
are recognized Gonadectoni} is easy in the male and not difficult in the 
female in the laboratory animals Complete pancreatectomy is, of 
course, an operation lequiring skill Operations on the pituitary gland 
are difficult on account of the formidable approach and for othei 
reasons In the case of the adrenal glands, the light gland in the guinea- 
pig lies close against the \ena cava and under the livei the vessels are 
delicate and liable to injury In the labbit this is true also, but not to 
the same degree In the dog, the operative field lies deep and the right 
gland IS close to the vena cava Next to the guinea-pig, then, among 
the common laboratoiy animals, the dog is the animal whose right 
adrenal gland is most difficult to excise In the cat, the operation 
presents no special difficulty on either side Exeept for the lat, this 
is the animal m which the opeiation is easiest In all the animals, 
adrenalectom} is simpler on the left side than on the right 

We behe^e that not nearl} enough attention has been given to the 
proximity of great numbeis of sympathetic fibers and ganglions which 
aie liable to be crushed and torn unless the opeiator knows the impor- 
tance of inflicting on them as little injury as possible The removal of 
the adienal glands or of one of them, unless it is done with care. 
IS apt to cause a fall of blood pressuie which has nothing to do with 
the loss of epinephrine previousi} discharged from the gland , it is. 
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instead, the expression of a shock-like condition appaiently due to the 
tiaumatization of these numerous sympathetic fibers We have often 
seen this in acute experiments in which the adi enal glands were removed 
to test the effect on some reaction which was previousl} obtained When 
this shock-hke condition supervened, such a reaction as acceleration of 
the “denervated” heart or vasoconstriction of a denervated limb on 
stimulation of sensory nerves might disappear, since shock was, of 
course, unfavorable to eliciting the leflexes If the blood pressuie later 
recovered with the adrenal glands removed, the reaction might again 
be obtained It had not been suppressed because of loss of the epineph- 
iine but on account of the shock caused by the trauma In view of 
the fact that no other factoi has been lesponsible for errors m woik 
on the adrenal glands to the same extent as inadequate surgical 
measures, no apology is requned for spending some time .on the matter 

SYMPTOMS FOLLOWING ADRENALECTOMY 

We return to a consideration of the consequences of complete 
adrenalectomy, which can be studied perhaps most satisfactorily on the 
dog A short time is required for a dog to recover from the anesthetic 
One of the adiantages, probably not a slight one, of extensive experience 
m performing the operation is that the duration of the anesthesia can 
be diminished The ordinary time of the operation with us is from 
eight to twelve minutes in a dog, and about five minutes m a cat By 
that time, the skin is stitched and the anesthetic discontinued It is, 
therefore, not to be wondered at that in a half an hour, sometimes less, 
the dog has generally recovered and is willing to eat, though not 
permitted to do so The period of good health is ptoportional to the 
total period of survival, so that whether the latter is long or short, about 
the same number of days elapses between the first development of serious 
symptoms and death During the period of good health the animal 
appears perfectly normal It preserves habits or tricks which were 
characteristic before the removal of the second adrenal gland It is 
impossible to determine from the animal’s behavior whether it has lost 
its adrenal glands or not Appetite is unaltered Dogs that ate 
voraciously before loss of the adrenal glands eat voraciously after the 
glands have been excised , those which ate slowly continue to eat 
slowly Dogs that liked meat still do so, and dogs previously fond 
of bread and milk continue to like this ration The blood shows no 
changes so far as they have been looked foi The specific gravity, 
the led cell count, the hemoglobin percentage, the conductivity of the 
blood and serum, the relative volume of corpuscles as compared with 
serum, the nonprotein nitrogen, the urea nitrogen, the so-called “unde- 
termined fraction ’ of the nonprotein nitrogen, the uiic acid, the 
creatinine and the ammo-acid nitrogen are not altered, except that in 
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some cases an increase in the nonpiotem nitiogen, uiea nitiogen, “unde- 
tei mined fi action” and lelative volume of eiythiocytes may be detected 
a day oi so before the fiist definite refusal of food 

Anorexia is the fiist and most constant of the seiious symptoms 
which tei inmate the peiiod of good health Once declaied, it peisists, 
except that occasionally an animal after finally lef using the usual lation 
may be tempted to eat once, laiely inoie often, something which it 
considers a delicacy Refusal of food is, of couise, a common symptom 
in any sick animal It cannot be said that theie is anything especially 
chaiactenstic about the anoiexia of adienal insufficiency, except that 
It is inexoiable and that it presages the death of the animal in, at the 
most, a few days, usually two oi thiee To an obseivei who does not 
know that the adienal glands have been lemoved, there is nothing which 
distinguishes this anoiexia fiom any othei anorexia, unless it is an 
aveision to fat which develops befoie total anoiexia has set in This 
point will be consideied m connection with the changes in the pan- 
el eas, and again m connection with the aveision to fat seen in cases 
of Addison’s disease The anoiexia may be accompanied by emesis 
Bile may be present in the vomitus As a lule the animal does not 
appear seriously ill at this stage It is constantly a souice of sui prise 
to the obseivei until he gets accustomed to it, how slight an ailment 
adrenal insufficiency usually appeals to be m a dog, at least until neai 
death It is the umfoini and lapidly fatal lesult which shows that the 
symptoms, whethei slight or not, aie indications of a seiioiis distur- 
bance 

Asthenia, which has been emphasised by some authois as the chief 
and eailiest symptom is not as a lule obvious foi some time aftei the 
animal has definitely lefused food The eiioi is due to the fact that 
moribund animals were obseived, dying mainly as a lesult of the 
operation Naturally, dying animals aie weak Often the animals aie 
strong on then feet, pugnacious if they weie so befoie, and able to lun 
well if they can be coaxed to tiy They aie, however, apt to be lethaigic , 
as time goes on, the lethaigy deepens into stupor and coma Convulsions 
aie sometimes seen On the whole, howevei, the behavioi of the 
animal aftei anoiexia and the othei symptoms have developed often 
by no means suggests danger to an inexpei lenced obseivei The aiterial 
blood pressure (systolic and diastolic) is not affected by the removal 
of the adrenal glands, as shown in dogs and labbits by Rogoff and 
Dominguez by means of the carotid loop method of v^an Leeisum The 
piessure was taken at fiequent inteivals beginning befoie the lemoval 
of the first adienal gland Ev'^en duiing the opeiation, piessuie leadings 
weie made, as stated, without revealing any change beyond the limits 
of the oidinaiy variations The fall of blood piessure so commonly 
seen in Addison’s disease is, theiefoie, not lepioduced m experimental 
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adrenal insufficiency, probably because the latter condition is not 
sufficiently chronic Undoubtedly, when the animars ciiculation has 
become impaiied, as commonly happens when death approaches, theie is 
a fall m blood pressure It has often been remarked that the pigmentary 
changes so characteristic of Addison’s disease are not found in experi- 
mental adrenal insufficiency One could not expect to find them in 
animals living only a few hours or days, oi, on the othei hand, in 
animals Ining on indefinitely because of the retention of sufficient 
interrenal tissue to maintain life The picture seen in dogs deprived 
of their adrenal glands is, accordingly , not quite the same as that seen in 
diseases of human beings It must be lemembered that in Addison’s 
disease the loss of the interrenal tissue is usually gradual as the 
pathologic process spreads Sometimes it is apparently due to atrophy 
or, perhaps to congenital deficiency of the tissue, the glands being rep- 
resented at necropsy by a few small nodules of the same structure as 
the cortex 

CAUSE or THE SYMPTOMS AND DEATH 
When the question arises as to what causes the symptoms and death 
in experimental adrenal insufficiency, it must be confessed that at 
present no definite reply is possible It must be assumed that an 
intoxication develops, perhaps creeping on from the first day although 
not announced for some time by detectable symptoms The remedial 
effect of large intravenous injections of salt solutions (Ringer’s solution 
with dextrose) is scaicely to be explained except on the supposition that 
an intoxication has been pioduced, through the lack of a substance oi 
substances elaborated by the cortex which prevents such intoxication, 
or of something which aids in neutralizing the toxic products and rendei- 
ing them harmless The increase in the nonpiotem and uiea nitiogen 
of the blood and in the “undetei mined fi action” of the nonpiotem 
nitrogen, and the diminution in the ratio of plasma to corpuscles, how- 
ever related to the loss of intei renal function, advance in equal measure 
with the terminal svmptoms They may, as already mentioned, overlap 
by" a day" or so the latter pait of the peiiod of good health The con- 
centration of the blood sometimes becomes extreme, as many" as 
10,000,000 erythrocytes to the cubic millimeter being present, with the 
specific giaMty of the blood exceeding 1070 The concentration does 
not aftect the serum, its specific gravity rarely exceeding 1 025 and its 
piotem content being unaltered The serum calcium usually" undergoes 
an increase at the time of, or sometimes a little before, the development 
of the serious symptoms, especially anorexia, which terminate the period 
of good health The blood sugar remains within the normal limits till 
near death, when a moderate diminution may" occur The uric acid of 
the blood undergoes no important change The creatinine and ammo- 
acid nitrogen sometimes show a small increase The blood chloime 
often undeigoes a moderate diminution 
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If metabolic or othei del aiigements begin immediately oi soon aftei 
the lemoval of the second adienal gland, they have not yet been dis- 
coveied It may be that defensive, neutralizing mechanisms aie at 
woik which, for a while, aie capable of dealing with the poisons, but 
ultimately bieak down Latei on, evidence will be given that the intei- 
renal tissue contains a substance which, when administered to adrenal- 
ectomized dogs can lengthen the pei lod of survival beyond anything seen 
in the contiol senes If this substance is a hoimone normally given 
off by the gland, it may act by influencing the function of some of 
the impoitant oigans which fail sooner oi later m its absence, or it may 
influence special metabolic piocesses Then these oigans or piocesses 
will be intei fered with, and in addition poisons may be produced Thus, 
in the case of the internal secietion of the panel eas, insulin supplies 
something necessary for the noimal metabolism of caibohydrates, but 
in its absence toxic substances are also produced which aie responsible 
foi such symptoms as coma The admimstiation of insulin prevents the 
development of these poisons by restoring normal metabolism 

In one endocrine oigan aftei another — thyioid and parathyioid 
glands, panel eas (islets) and interstitial tissue of gonads — active sub- 
stances have been discoveied which substitute for the glands Even the 
adienal medulla, the chiomaffln tissue, peipaies and discharges into the 
blood a specific substance, epinephime which, although of slight physiol- 
ogic significance, belongs to the gioup of hoimones Analogy suggests 
that the adienal coitex oi mteiienal gland piepaies and liberates a 
hoimone also To this substance the name interrenalm is given, although 
it has not yet been isolated 

The question at once occurs Why do some dogs live much longer 
than others^ No definite answer can be given, but one oi two suggestions 
may be made It is possible that some dogs have a laiger store of the 
active substance than othei s, if the substance is stoied m other tissues 
than the mteiienal glands This is on the assumption that it is 
manufactuied solely in the adienal glands If so, it may be taken up and 
stoied in othei tissues, possibly m the mteistitial cells of the gonads or, 
in the case of the female, in the elements fiom which the coipus luteum 
is developed If that is the case, some dogs may stoie more than othei s 
and, iheiefoie, have moie at then disposal when the second adienal 
gland IS taken out Then these tissues, the oiigin of which is piobably 
similai to that of the mtei renal tissues, may noimally elaboiate mtei- 
renalin, although it may not be liberated in the absence of any need for 
it If liberated it would natuially constitute a small contiibution com- 
pared with that of the adienal glands Anothei possibility is that some 
dogs may use up any stoie of the active substance with gieatei economy 
than other dogs Finally, theic may be no stoie whatever, but the 
lesistance of some dogs to the consequences of loss of the adrenal 
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glands may be greater than that of others, just as the power of 
lesistance to a disease or a poison ma)'^ vary None of these sugges- 
tions, or others which might be made, have been tested The fact, how- 
ever, that a range of from three to five days to fourteen days or moie 
exists m the period of survival of dogs which possess no mterrenal 
tissue invites speculation Could the meaning of this variation be 
understood, much light would probably be thrown on the geneial 
problem of mterrenal function 

POSTAIORTEM OBSERVATIONS 

The postmortem observations on dogs dying of adrenal insufficiency 
piesent some points of interest The most constant change observed is 
congestion of the pancreas, usually intense and seldom absent In cats 
and guinea-pigs, this is also a practically constant feature, although, 
pel haps from the small size of the organ, the pancreas is not so red In 
all these animals, we have compared the postmortem observations with 
those in normal animals, and the difference is marked The meaning of 
the congestion is unknown, but it would suggest some involvement of 
the organ due to the loss of the mterrenal function It cannot be stated 
at piesent how early this congestion is present, it is possible that it is 
only a terminal event, developing, perhaps, at about the same time as 
the anorexia or even later In animals that have been examined micro- 
scopically, it appears to involve both acmai tissue and islets To what 
extent, if at all, the secretion of pancreatic juice is affected by the 
changes in the pancreas, it is at present impossible to say The loss of 
appetite for fats at a time when lean meat is still picked out and eaten 
may be connected with an impaiiment of the fat-digestmg power of the 
pancreatic juice In cases of well marked hemonhagic congestion, the 
condition of the mucosa of the intestine would itself interfere with the 
digestion and absoiption not only of fats but of othei foods Another 
sti iking appearance, although not so constant, is hemorrhagic congestion 
of the mucosa often associated with the presence of blood m the lumen 
of the gastro-intestmal tract Sometimes intense congestion, with 
hemorrhage into the mucosa and blood in the lumen, is seen throughout 
the whole gastro-intestmal tract from the cardiac end of the stomach 
to the anus, but often only a portion or scattered areas of the tract are 
affected Bile is nearly always found m the stomach The esophagus 
ne^ er exhibits any congestion It is occasionally present in the 
vermiform process and often m the the cecum In exceptional cases, 
there is neither congestion of the mucosa nor blood in the lumen It 
is probable that the gastro-intestmal congestion is a rather late event, 
but there is no exact information on this point It may be present, how- 
eier, some days before death, blood is sometimes passed from the 
rectum The significance of these pathologic changes in dogs dying 
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of adienal insufficiency is unknown, only they are often so extensive and 
seveie as of themselves to constitute a sufficient cause foi the fatal 
lesult, and, of course, if piesent eaily enough, for the onset of the 
chaiacteiistic anorexia The congestion in the gasti o-mtestinal tract 
and 111 the pancreas is not meiely a pait of a general passive congestion 
of the visceia due to failuie of the heait, for it may be extiemely marked 
when the spleen, kidneys and othei organs are only moderately or not 
at all congested We do not desire to emphasize unduly the gastro- 
intestinal appearances, foi it is known that in other conditions somewhat 
similar appearances may occur In cats dying after adi enalectomy these 
changes, although often seen, aie not usually so intense 

We have suggested the possibility that the gastro-intestmal mucosa 
may shaie in the elimination of the poison oi poisons developed in 
adrenal insufficiency and may itself be finally crippled by the poison 
An alternative hypothesis is that the cortex pioduces a hormone neces- 
sary, among othei actions, for the continued normal functioning of the 
mucosa and also of the pancreas In the dog, the appearances suggest 
that a disturbance of function centeimg around the alimentary canal 
IS one of the consequences of adrenal insufficiency That there should 
be no hemoiihage oi hemoirhagic congestion in some of the dogs is, 
of course, no pi oof that the gasti o-intestmal tract continues to function 
normally The persistent anoiexia and not uncommon emesis may be 
primarily due to gastro-intestmal changes not necessarily evidenced by 
congestion The gastro-intestmal mucosa may be just as much a point 
of attack in the cat and gumea-pig, and m those dogs which do not show 
the appearances in question, as when the striking hemorrhagic changes 
aie piesent It is not woith while discussing at present whether the 
smallei dimensions of the structures, possibly even diffeiences in the 
quantity or quality of the residues of food in the gasti o-mtestmal tract, 
may have a bearing on the mattei 

THE CAUSES OF THE BREAKDOWN 

It has been said that during the period of good health the adrenal- 
ectoniized dog seems normal m every lespect Nothing suggests that 
the condition of the animal is serious and, indeed, hopeless Is this 
appearance of peifect health fallacious^ Aie changes alieady in tiain 
which will soon issue m unmistakable symptoms^ These questions 
cannot be avoided, but neithei can they be answeied at piesent As 
alread)' stated, search has been made by us for changes in the blood which 
might indicate that something was amiss, peihaps soon after removal 
of the second adienal gland, although no visible symptoms had yet 
developed Hitherto, all the results have been negative Only when the 
tram of symptoms appeals which indicates that the period of good 
health is over do lecogmzable changes in the blood develop, these usually 
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inciease until death It is clear enough, howevei, that none of the 
changes in the blood studied by us follow soon after the loss of the 
interrenal function If a poison begins to accumulate from the outset, 
although causing no symptoms until it has reached a ceitain concentra- 
tion, requiimg maybe a week or more, its detection is not likely to be 
easy All we can say at piesent, therefoie, is that during the period 
of good health the animal runs along on whatevei leserves of inter- 
renahn it possesses, if it possesses such leserves till m a week, more 
01 less, the deiangement of function leads to symptoms If poisonous 
substances, produced m the absence of the interrenal tissue, are 
being eliminated or neutralized, it is possible that the period of good 
health is terminated by the breakdown of the organs concerned, peihaps 
owing to the harmful effects of the poisons on their own cells At one 
time, it was suggested by ceitain writers including the author that the 
kidney might possibly be such an organ 

While no exact study of the kidney has been made, such observations 
as we have accumulated do not indicate that m the dog the kidney is 
specially concerned The occasional pathologic changes seen in one 
or both kidneys are probably no greatei than would occui in any large 
series of normal dogs In rabbits, intei ference with a kidney at opera- 
tion may account for some of the cases of renal change We are fai 
from regal ding the pathologic appearances m the dogs’ gasti o-intestinal 
tract as proof that the mucosa takes a leading pait in the elimination or 
neutralization of poisons pioduced in the body m the absence of the 
interrenal tissue Nevertheless, it is well known that the mucosa can 
take an impoi taut place as an excretory organ undei certain conditions , 
for example, when saline solutions aie injected into a vein It was 
shown by Sheinngton long ago that much of the salt solution passed 
rapidly into the lumen of the intestine and was then gradually reabsorbed 
into the blood and eliminated by the kidneys We have seen the same 
thing in expel iments m which Ringer’s solution was administered intra- 
venously to adrenalectomized dogs These experiments were under- 
taken to test the value of such injections as a therapeutic measure in 
adrenal msufficienc} 

METHODS or TREATMENT 

As soon as we had accumulated a sufficiently laige senes of control 
dogs, it became possible to test methods of treatment The only 
test which at present can be considered unequivocally positive is a 
prolongation of life decidedlj’^ be3'ond the maximal time seen m the 
control series This is a se\eie test, as it involves the placing of the 
animal m such a position, through the treatment, that it can success- 
fully meet not onl} one but all the emergencies which threaten its life 
\Wien positive the test is for this \ery reason not open to doubt It 
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would be much simplei to lest the eflecl o{ a liealment ou a chaiactei- 
istic symptom oi on the concentiation of a blood constituent, but we aie 
not yet m a position to lely on such tests Eflects such as amelioiation 
of symptoms also have positive value, even when tempoiaiy Let it be 
lepeated, howevei, that in di awing conclusions as to the efficacy of a 
tieatment we have up to the piesent lefused to accept as a positive 
lesiilt anything shoit of a decided piolongation of the maximal peiiod 
of suivival, and this in a laige piopoition of the cases Some weight 
can also be given to the fact that a i datively large numbei of long 
peiiods of suivival occuis in the tieated senes, though not necessaiily 
be}ond the maximum of the contiol senes Aveiages aie of little use 
because of the laige vaiiations in the peiiod of survival They aie quite 
misleading, of couise, when they aie derived from results obtained 
in only a small numbei of animals A positive result of a given tieat- 
mept must not be mfeiied fiom an appaient inciease m the aveiage 
time of survival unless the hist test is positive, that is, unless a con- 
siderable numbei of the animals have lived well beyond the longest 
period of survival of the control animals 

Injections of Salt Solution — As stated, injections of salt solution 
were one method of tieatment studied This was used for several rea- 
sons If an intoxication develops at the tune that the serious symptoms 
appear oi is, peihaps, developing from the tune of removal of the second 
adienal gland, an iiiigation of the poisoned tissues, including the blood, 
which would wash out the whole oi a portion of the poison, is possible A 
positive result would be that much evidence in favoi of the existence of 
an intoxication, in addition, it would indicate that the poison, or an 
important fraction of it, was not yet fiiinly fixed A salt solution was 
purposely chosen because its action would be understood to some 
extent and would be less complex than that of extracts of the glands 
Theie could obviously be no substitution for the missing inter lenal 
gland, nothing in the nature of a hormone could be supplied Some 
dextrose was added, but it is not certain that this was of any 
importance The intravenous injection of a salt solution is a feasible 
therapeutic measuie, it was thought that if a certain amount of success 
was obtained in dogs it might well be considered, that in certain cases 
of Addison’s disease, when the condition suggested intoxication and was 
in any case desperate, an occasional injection of Ringer’s solution (in 
smaller proportional amount than for dogs) might not be justifiable and 
even promising It was found that severe symptoms, such as coma and 
convulsions, could be temporarily ameliorated, and that m some cases 
animals might be rescued when moribund, and survive much beyond the 
maximal period of the control senes Fuithei, it was shown that with 
daily injections of about 100 cc of Ringei’s solution per kilogram of 
body weight with some dextrose added, many dogs continued in good 
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health far longer than the maximal period among the control animals 
The longest period of survival of dogs treated with Ringer’s solution 
was 53y^ da}s, neaily four times as long as the maximum period among 
the untreated conti ol animals, and not much less than the average gesta- 
tion period of dogs Other suivival periods among the seventeen tieated 
dogs weie 38, 33}^, 32^, 20 (two dogs), 19>^, 19 and 17)4 days Nine 
dogs (moie than half of the total numbei) lived beyond the maximal 
period of the conti ols, and four additional dogs almost as long as the 
maximal peiiod 

Nothing like these results was seen among the much largei number 
of controls The lesults of the injections, therefoie, were extremely 
good It may be pointed out again that theie aie necessarily great 
difficulties to be overcome m adding perhaps forty days to the life of an 
adrenalectomized dog, which without the treatment would usually live 
only from six to ten days It is not too much to say that the animal, 
although lunnmg along week after week as if the suprarenal glands were 
superfluous, is m leality in constant, and, aftei the ordinary survival 
period has passed, in imminent, dangei of death Nothing keeps it 
alive and, to all appeal ance, in normal health, except the daily liter, or 
whatever it may be, of a simple solution of salts, such as Ringer’s 
solution It IS not even ascertained that the injection must be a daily 
one Possibly less frequent injections would be bettei The dose 
might also have been too large It was impossible, even though a 
great deal of time was consumed in the investigation, to compare diffei- 
ent doses, diflfeient salt solutions, dififeient mteivals between successive 
injections and different periods after the lemoval of the second adrenal 
gland foi commencing the injections There is no reason to suppose 
that we accidentally hit on optimal conditions Our results are not 
the best which can be obtained The unequivocally positive result of the 
test for lengthening the period of suivival is sufficient pi oof of the 
beneficial effect of the treatment when earned on for long periods 
Even more impressive although not susceptible of the same arithmetical 
comjiarison, is the immediate, almost staithng, impiovement often pio- 
duced m animals the condition of which seems despeiate, for example, 
in coma This improvement may not last long m some cases, but in 
otheis the dog maj^ take on a new lease of life Obviously, the lesult 
must depend on the extent of deterioi ation In one dog, for instance, 
convulsions and deep coma developed on the third day aftei the second 
operation It was not expected to live through the night It recovered, 
howeier, under treatment with salt solution, legamed health and 
appetite and died on the thirt}’^- fourth day Symptoms such as anorexia, 
theiefore, may sometimes be benefited, the animal picking up and 
beginning to eat again But when the anorexia is absolute and has lasted 
foi some time this effect is probablv rare 
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The leason foi stalling the injections on the day aftei the second 
adi cnalectomy, that is, long befoie symptoms oC adienal insufficiency 
had appealed, was theoietical, although not entiicly so It was thought 
that, if the injections washed out the poisons, the soonei they weic 
stalled the bettei, so as to pi event the toxic substances, as fai as possible, 
fiom anchoimg themselves m vital tissues Whethei that idea is coiiect 
01 not. It would seem leasonable to suppose that the injections, if 
beneficial, cannot be begun too eaily The postopei alive condition of the 
animal must, of couise, be consideicd As aheady stated, oui animals 
lecoveied fiom the opeiation m a shoit time and weie consideied fit foi 
injection on the following day It must be said, howevei, that a few 
dogs may not stand so laige an injection so soon aftei a seiious opeiation 
It IS possible to pioduce seiious effects in such animals, peihaps thiough 
dilatation of the heait The heait’s action and pulse should, theiefoie, 
be watched while the injection is pioceedmg In a typical obseivation, 
the dog shows symptoms of inci eased activity of the bowel duiing oi 
aftei an injection, and mictuiates copiously If theic is no mictuiition 
foi seveial houis, suspicion should be aioused 

Advnuni} aitoii of Coiiical Exiiacts — Moie diiectly concerned with 
the cause of death aftei loss of the adienal glands and centeimg aiound 
the question of the existence in the coitex of an active substance capable 
of substituting foi It like hoimones of othei endocime glands, aie our 
studies on coitical extiacts, which have been going on for seveial yeais 
As a method of tieatment m adienal insufficiency the administiation of 
coitical extiacts is, m some lespects, the exact opposite of the injection 
of salt solutions Yet the lesults on the lengthening of the peiiod of 
suivival aie not veiy diffeient 

Fiom seveial of the endocime oigans, specific active substances have 
been obtained In some cases it has been pioved, m otlieis it is 
assumed, that the foimation of these substances and then libeiation into 
the blood (oi lymph) constitute the function of the gland Assuiedly 
the pi oof of the existence of these substances, in some instances followed 
by then isolation and then synthesis (epmephiine and thyioxin) and 
the deteimmation of their constitution, has not been an easy task But 
staiting with the woik of Baumann, Oswald and othei s on the active 
substance of the thyioid gland, followed by the demonstiation, by Ohvei 
and Schafei, that a vasoconsti ictoi substance can be exti acted fiom the 
adienal medulla (chiomaffin tissue), it has giadually been shown that 
active piinciples can be obtained also fiom the pancieas (islets), fiom 
the paiathyioid gland and fiom the sex glands These have been 
pioved capable of “substituting” foi the glands which contain them, m 
the case of the thyioid gland and the islets of Langeihans, so that m 
then absence, oi when theie is undue i eduction in amount oi m func- 
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tional capacity, the artificial administration of thyroxin or insulin, 
respectively, leplaces the deficient internal secietion Important, even 
indispensable functions are clearty performed by these substances The 
specific substance, parathyrin, formed by the parathyroid glands, the 
loss of which causes tetany, has also been obtained in extracts by Colhp 
The increase m the serum calcium (hypeicalcemia) caused by its admin- 
istration throws light on the previous discovery of McCallum that calcium 
salts prevent oi cure tetany caused b}^ removal of the parathyroid 
glands 

It may be mentioned that the largest parathyroid glands that we 
have ever seen weie those of the adienalectomized dog which lived 
longest (seventy-eight days) in the series of animals treated with 
extiacts We do not ventuie to suggest that the hypercalcemia often 
seen in these dogs, although only in the terminal stage or slightly pre- 
ceding It, IS brought about through the parathyroid glands The 
lelations of the adrenal glands, both interienal and chromaffin tissue, but 
especially the latter, with other endocrine glands have often been 
assumed Pi oof, however, is still lacking, save in one instance — the 
correlation of the interrenal gland and ceitain cells of the gonads (inter- 
stitial cells and the corpus luteum^) Since these tissues appear to be 
derived fiom the same embryonic structure, the coi relation is easy to 
undei stand Changes in the cortex following gonadectomy, and in the 
gonads following adrenalectomy suggest also the possibility of a 
functional connection The best illustiation of this is the influence of 
“heat” (and pregnancy) on the lengfli of life in dogs aftei loss of the 
adrenal glands 

Hormones fiom the ovary and placenta have been described One, 
at least, was partially isolated Replacement effects haA'^e been demon- 
strated 111 ovariectomized animals, including congestion swelling and 
other external signs of estius (Dolsy and othei obseiveis) 

The adrenal medulla and the posterior lobe of the pituitar}^ gland 
3ueld charactei istic substances While of great pharmacologic and 
therapeutic impoitance, it is unknown whether they have physiologic 
importance It is not even ascei tamed whether solution of pituitary 
gives oft the actu'e substance to the blood The question of the function 
of the epinephrine pioduced by the chiomaffin tissue of the adienal body 
Avill be discussed later in this papei Moie or less specific actions, partic- 
ular!) m relation to growth, have been attiibuted by some observers to 
extracts prepared from the anterioi lobe of the pituitaiy gland As 
investigation proceeded, and as each gap was filled in, there Avas an 
increasing probability that the adrenal cortex Avould in time be added to 
the list The discovery Avas retarded by the experimental difficulties 

No symptom or blood change Avas knoAvn to us Avhich characterized 
the condition of adrenal insufficiency We Avere unable to determine. 
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as for instance in the case of insulin, by a simple estimation of a blood 
constituent, the potency of any extiact m countei acting the loss of 
function of the cortex If this becomes possible, extiacts can be 
tested much more simply than by detei mining how long animals sui\ave 
when they aie admmisteied The laboi of bunging oui expeiiments 
to the piesent point has been great The woik was planned and begun 
a good many yeai s ago 

The investigations have culminated in the demonstiation, foi the 
fiist time, that coitical extiacts can be piepaied which can substitute 
foi the adienal glands It was indispensable to prove this m ordei that 
fuither attempts to extiact and pin if y the active substance or substances 
should be placed on a secuie basis The pi oof that we obtained such 
extracts is that among the dogs given intiavenous injections of ceitain 
extiacts (geneially on alternate days), a consideiable numbei lived 
far longei than the maximal period seen in untieated contiol animals 
The volume of the injection was usually 1 cc , so that theie could have 
been no iiiigation similar to that assumed to lesult fiom an injection 
of Ringer’s solution We aie left with the explanation that the extiacts 
supplied something noimally supplied by the inteiienal tissue Foi this 
we have suggested the name mterienalm 

As in the case of the salt solutions, it is not to be supposed that we 
attained optimal lesults with the extiacts Laigei and moie frequent 
doses might have been bettei, but this has not been ascei tamed The 
impoitant point is that we did find extracts and did administei them in 
doses which were cleaily efficacious The extracts were made fiom the 
adrenal glands of dogs oi fiom the cortex of animals from a slaughter 
house Piobably each batch differed fiom the lest m the concentration 
of active substance obtained by extinction We had no means of 
standaidizing the extiacts Diffeient dogs might have lesponded diffei- 
ently to similar doses of active substance, some lequiiing laiger doses 
than others to staie off the fatal bieakdown The possession of a large 
series of contiol animals, however, piepared by an adequate technic, 
enabled us to conclude with ceitainty that the indispensable test, the 
lengthening of the peiiod of sinvival, was stiongly positive The 
period of good health was coi respondingly lengthened Among the 
dogs which did not actually live longer than the maximal peiiod for the 
controls a larger numbei, appaiently more pioportionally than in 
the contiol senes, attained the longei peiiods of suivival Occasionally 
an animal already beginning to go downhill seemed to be revived by a 
dose of extiact, not immediately as in the case of the treatment with 
Ringei’s solution but aftei some time The serious symptoms, when 
they developed eventually in animals tieated with extracts, often 
seemed to be milder than m the controls The pathologic appeal ances 
seen post mortem were also thought to be less pionounced m many 
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cases Let it be repeated, however, that at piesent we do not rely on 
these subsidiary tests Our positive conclusion is based on the decided 
increase in the period of survival beyond the maximal recorded for the 
control animals Since the treated animals differed from the untreated 
controls only in having received extracts, the lengthened survival must 
have been due to an action exerted by the extracts, which, it is to be 
supposed, supplied the material (interrenalm) naturally supplied by 
the cortex 

INFLUENCE OF “hEAT” AND PREGNANCY ON SURVIVAL 

The interesting observation has been made by us that dogs in 
“heat” survive the loss of the adrenal glands much longer than the 
maximal survival peiiod of the controls All the dogs from which the 
second adrenal gland was lemoved during proestrum or estrus gave this 
lesult One lived until the sixty-fifth day The period of good health 
was correspondingly piolonged The mechanism by which the con- 
sequences of total adrenalectomy are staved off must be different both 
from that of the administration of extracts and from that of the injec- 
tion of salt solutions The most plausible view is that changes in the 
ovary are concerned The similarity in structure, and in the nature of 
the inclusions, between the corpus luteum and the adrenal cortex has 
often been pointed out 

The inclusions in the ovarian interstitial cells also resemble those of 
the cortical cells In heat, the changes in the ovary, including the 
development of the corpus luteum, may render available, in sufficient 
amount to make up for the loss of the adrenal glands, the indispensable 
substance produced by the interrenal tissue As the development 
associated with heat subsides, this supply must fail and the fatal con- 
sequences of adrenal insufficiency then develop Of course, it is 
theoretically possible that the ovarian tissues act by destroying poisons 
produced in the absence of the adrenal glands Actions of detoxication 
have been attributed to every endocrine gland until in one case after 
another a specific substance has been discovered which is necessary to 
the proper carrying on of particular functions When that has been 
done detoxication ceases to be mentioned It must not be forgotten, 
however, that when a metabolic process is no longer carried out in the 
noimal manner in the absence of the necessary hormone, the abnormal 
or incomplete chemical reactions may give rise to the production and 
accumulation of substances which act as poisons 

Pregnane}^, in dogs, is another condition in which we have observed 
longer periods of survival after adrenalectomy than in the control 
animals Naturally m a condition associated in itself with formidable 
risks, not every animal shows a prolongation of the period of suivival 
Indeed, not a few succumb earlier than they would have, had they not 



STEWART— ADRENAL GLANDS 


753 


been piegnant Yet it has been cleaily deinonsti ated that many survive 
fioni 20 to 30 days, and some fiom 30 to 40 days As long a peiiod of 
suivival as 58 days has been seen One bitch lived foi 573^ days One 
of the piegnant animals survived for 46 days, one for 32^ days, one 
nearly 27 days and one moie than 25 days Since every piegnant 
bitch has necessaiily been in heat, it cannot be said offhand to 
■what extent piegnancy contiibutes to lengthening the period of 
suivival To settle this statistically would lequire a gieat deal of 
woik Heat causes a slight disturbance compared with piegnancy, 
and no iisk If the afoiementioned view of the natuie of the piotective 
influence of heat is coriect, it is to be assumed that the changes m the 
sex glands, proceeding fuithei m piegnancy, aie still more efficacious 
than m heat The metabolic changes m piegnancy aie also greater If 
lactation has anything to do with the matter its effect will be added to the 
other effects of piegnancy The adienal glands of the embryo in uteio 
do not appeal to be concerned They are ceitainly not indispensable, 
since heat is associated with a maiked pi elongation of the peiiod of 
suivival Also, survival much beyond the maximal period m the control 
animals, has been seen m the piegnant bitch aftei dehveiy In heat and 
piegnancy it is possible that changes m the uterus may influence the 
duiation of life after total adrenalectomy 

Before leaving the subject of the action of heat and pregnancy, it should be 
remarked that the discussion is by no means academic The proestrum or period 
of the blood-containing discharge m dogs is currently assumed to correspond to 
menstruation in women The question will sometimes be asked by patients with 
Addison’s disease, whether menstruation is unfavorable or not in this condition , in 
any case, it may have to be considered by the physician Apart from the fact that 
menstruation may be disagreeable and depressing, especially in the early stages, 
some patients state that their general condition is distinctly better during menstrua- 
tion The question whether pregnancy should be avoided may not arise often, 
owing to the general condition of the patient It may sometimes arise, however, 
or the patient may be pregnant , then there may be the question whether inter- 
ference should be considered or would be profitable It would be absurd to claim 
that our observations on dogs supply data sufficient to settle such questions But 
such data as they do supply might be helpful in some measure 

It might be anticipated that m some cases a pregnant animal might 
react less favorably than a nonpiegnant animal to lemoval of the second 
adrenal gland Piegnancy itself being a handicap m ceitam respects, 
the smgical operation of adi enalectomy, oi possibly the state of adrenal 
insufficiency may exert an unfavorable influence, so that the peiiod of 
survival is shoitened instead of lengthened We have seen such 
instances in dogs Occasionally, piemature dehveiy may be caused by 
the opeiation, although this does not necessarily prevent survival foi 
a longei period than the maximum seen in control animals In one 
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clog, labor began half an hour after the opeiation and the animal 
sinvived for twenty-six days, nursing the pups normally It has not 
been possible to demonstrate clearly any protective influence of preg- 
nancy toward adrenal insufficienc}' in cats Premature delivery is often 
the result of the operation, which apparently is borne worse by pregnant 
cats than by pregnant dogs 

It IS unlikely that there is an essential difieience between dogs and 
cats in regal d to a potential piotective influence of pregnancy, altbough 
It may be moi e difficult to demonstrate such an influence m the cat More 
attention to the stage of pregnancy at which the second adrenalectomy 
IS made might reveal a period when complications are least likely to 
occur , a positive effect might then be obtained 

DETOXICATING FUNCTION OF THE ADRENAL GLANDS 

An assumed detoxicating function of the adienal glands has been 
mentioned already Those who have suppoited the idea of such a 
function have usually conceived of the detoxication as applying to 
many poisons, both bacterial toxins and ditigs Some have held that 
the coitex is the tissue concerned in this process, the majority of the 
authors, hoAvever, have considered it a function of the medulla The 
evidence bi ought forward in support of the detoxicating function of the 
adrenal gland has generally been a supposed increase in the susceptibility 
of adrenalectomized animals to certain toxins oi poisons As in the 
case of nearly all othei studies made on such animals, investigators have 
often been misled by their failure to appreciate the influence of 
unskilled surgical procedures on their results Tests have been made 
frequently by introducing highly toxic material or depressing alkaloids 
into moribund adienalectomized animals thus hastening death wdien it is 
already inevitable 

Claims have been made by a number of authors that animals depiived 
of their adrenal glands are much more susceptible to the poisonous effects 
of tetanus toxin and of morphine A leview of the literature may 
be found m papers fiom this laboratory by Rogoff and Ecker, and 
Rogoft and de Necker, wdro investigated the supposed increase in the 
susceptibility of adrenalectomized rats to tetanus toxin and to moiphine 
The} found no evidence, in a large senes of animals, of increased 
toxicit} of these substances after removal of the adienal glands Many 
lats which had been operated on were able to tolerate piactically the 
same doses of the poisons as were tolerated by control animals which 
had not been operated on Fully three fouiths of the deaths that result 
from double adrenalectomy in rats occur within a period of ten days 
beginning on about the fifth or sixth day after the operation The 
administration of any poison during or preceding this period, as reported 
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by other observeis, would obviously lead to the enoneous impression 
that the substance was more fatal than in control animals Indeed, a 
harmless substance introduced during this peiiod could be considered 
toxic if no consideiation were given to the fact that the animal was 
moribund When, howevei, these poisons were administeied to rats 
adrenalectomized duiing the period of good health (that is, befoie 
or after the period mentioned), it was found that doses up to the 
minimal lethal dose foi contiol animals were toleiated by many adrenal- 
ectomized rats Rogoff and Ecker investigated the complementing 
activity of the blood seium m rabbits on which adienalectomy had been 
perfoimed and found no difference from contiol animals which had not 
been operated on 

That toxins, diphtheiia toxin, foi example, may poison the adrenal 
glands as they poison other tissues, is, of course, true Some of them 
may even show a piefeience for the mtei renal or the chromafhn tissue 
A not uncommon reaction of the coitex to infections and intoxications 
is hypertiophy (or hyperplasia) But none of these facts can be taken 
as evidence of a special detoxicating function Now that our investiga- 
tions have proved that an active substance, extracted from the cortex, 
can greatly prolong life after total adienalectomy, this substance 
( inter renalm) takes its place with the hormones piodticed by the othei 
endocrine glands, and the function of the cortex is to pioduce it The 
theory of detoxication was laigely based on the desire to endow this 
gland with a function Now that a function has been indicated and one 
of great importance, foi a substance which pieserves life cannot be 
insignificant, it is piobable that the theoiy will retire into the back- 
ground 

The last speculation on functions of the cortex which will be men- 
tioned is that It IS concerned with lipoid, especially the production of 
cholesterol, and governs cholesterol metabolism There is little or no 
foundation for this theory Cholesterol, of course, exists in the coitex 
m a relatively large amount, along with lecithin The inclusions of 
birefrmgent lipoid in the cortical cells, especially in the spongiocytes of 
the zona fasciculata, are the most prominent micioscopic featmes They 
are picked out m polaiized light by then property of double refraction 
Their impressive appeal ance does not prove that they play an important 
role The histologic picture is an uncertain guide as to their func- 
tion and fate, although some cytologists are convinced that they lepiesent 
a stage in a piocess of secietion which culminates in their extrusion 
into the blood It cannot be said that any reall}^ ciucial evidence has 
been furnished to support this conclusion We ourselves can only con- 
tribute the fact that in our studies on adienalectomized dogs no definite 
changes m the cholesteiol content of the blood were made out 
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THE ADRENAL MEDULLA 

None of the endocrine glands pioduces an active substance better 
charactei ized than epinephiine Its chemical constitution is understood 
It has been prepared synthetically Its physiologic reactions are numer- 
ous and striking It is known to be found m the cells of the medulla 
It IS responsible for the brown color which the massive inclusions m 
the medullary cells assume m chromic acid or chromium salts It has 
been proved to be given oft to the blood, and it is the only substance of 
the group m which this has been cleaily demonstiated In numer- 
ous experiments on dogs, cats, rabbits and monkeys it has nevei 
been missed in the blood of the adrenal veins unless its liberation was 
purposely inteifered with Its passage from the cells to the blood is 
strictly under the control of nerves running m the major and minor 
splanchnic nerves and in branches from the lumbai sympathetic chain 
When these are completely cut, no epinephrine is found in the blood of 
the adrenal A’-eins, although the substance can still be found in the 
medullar} cells No symptoms are pioduced by section of the nerves 
supplying the adrenal gland A temporal y loss of weight may occur but 
this has no special significance The animals lemain m good health 
indefinitely The same is true if the medulla is completely extirpated 
It IS, theiefoie, impossible to assign to the medulla any function indis- 
pensable to life, or, indeed, any function of physiologic importance 
This has seemed disappointing to some authors , they have asked whether 
It IS likely that an oigan producing and discharging a substance capable 
of such striking reactions when admimsteied artificially does not possess 
physiologic significance One school of authors apparently accepting the 
new that undei ordinary conditions not enough epinephrine is dis- 
charged to cause any definite effect, has put forward the hypothesis that 
in certain emergencies the output of epinephrine is markedly increased 
through stimulation of the secretory nerves of the medulla Certain 
reactions associated with emotions are supposed to be brought about 
largely through epinephrine liberated by tbe adrenal glands These 
reactions can be elicited by stimulation of sympathetic nerves and also 
by epinephrine in sufficient doses The only question is whether suffi- 
cient quantities of epinephrine are liberated per unit of time, under the 
stress of these emotions, to raise the concentration of that substance 
111 the arterial blood to the level at which stimulation of the structures 
imolved will occur If such quantities are liberated, it is scarcely 
necessary to verify the occurience of the reactions 

We believe that there is no evidence that it makes any difference 
whether the adrenal glands are discharging epinephrine, are pi evented 
from discharging it, or are absent the reactions accompanying emotions 
are the same, quantitatively and qualitatively We are therefore unable 
to accept the view that an important, or indeed a perceptible factor, in 
emotional expression is an increased output of epinephrine 
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CHANGES IN OUTPUT OE EPINEPHRINE 

The same considerations apply to the supposed increase in the rate 
of output of epinephiine caused by stimulation of ceitain afferent neives 
and by geneial asphyxu^ If the rate of liberation of epinephiine is 
sufficiently increased, any of its physiologic reactions can of couise be 
obtained In experiments, however, which permitted a quantitative 
estimation of the epinephrine given off per minute by the intestine seg- 
ment method, we were unable to find any increase either dtiiing stimula- 
tion of the central end of the sciatic, the brachial oi the splanchnic nerves, 
01 during asphyxia Stimulation of the peiipheral end of the splanchnic 
nerve caused a large increase, as much as twentyfold, whereas excita- 
tions of the central end, inteispersed among the stimulations of the 
peripheial end, had no effect on the rate of output Numerous leflexes 
were elicited by the stimulation of the cential splanchnic neive, while it 
failed to affect the output of epinephrine We have repeated these 
experiments on afferent stimulation in seveial lesearches, always with 
the same negative result , and similar results were obtained for asphyxia 
Acute cerebial enemia, however, caused by tying off the arteiies going 
to the head, excites an inci eased output of epinephrine, as was fiist 
demonstiated by Rogoff in this laboratory 

It would be inappropriate to use the present occasion for con- 
troversial purposes The only reason foi mentioning that oui results 
on ceitain points differ fiom those of some other investigators is that 
the discrepancies involve points of technic, including operative technic, 
which have been found to influence gieatly the consequences of 
adrenalectomy Diffeiences in the results of experiments on the survival 
of animals which always die after lemoval of the adrenal glands depend 
essentially on differences of technic, including of course pieopeiative and 
postoperative care The decision must always be in favoi of the 
investigator whose animals live longest, assuming, of course, that 
adrenalectomy was complete and accessories weie absent There is no 
reason why discrepancies in the lesults of acute experiments should 
not also be due. to differences in the opeiative work If one obseiver, 
foi instance, fails to obtain a reaction (for example, acceleration of 
the denervated heart or shrinking of the denervated limb on stimulation 
of the sensory nerves) when the adrenal glands are eliminated, while 
another succeeds in obtaining it, the decision must be in favor of the 
latter who has been able, by better technic, to eliminate the glands 
without abolishing the reaction The best method is to peiform the 
operation, partly or wholly, some time before the expeiiment, which is 
made after complete recovery from the operation In any case, we 
consider that extreme care must be exercised in removing the adrenal 
glands Clipping off the veins tightly enough to pi event passage of 
blood from the glands is the least haimful proceduie for those whose 
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evpeiience in these opeiations is not extensive This does not abolish 
the leaction of the limb caused by stimulation of the sciatic neive, 
although It can be verified that the block on the adrenal veins is com- 
plete The same considerations apply to op^eiations on the adrenal 
glands 111 the experiment on the denervated heait The ciucial test is to 
peifoim the expeiiment after piopei elimination of the glands We 
have obtained the reactions, often in undimmished intensity, m their 
absence It is, therefore, impossible for us to believe that it is coirect 
to attribute the leactions solely to the reflex discharge of epinephrine 
If the reactions can be typicall)- elicited with the glands lying in a dish, 
the adrenals aie not essential to their pi eduction 

The positive observations on the influence of sensory stimulation and 
of asphyxia leported by certain Japanese observeis who used oui intes- 
tinal segment method, have been thoroughly considered and checked 
by us We may report on this mattei in another papei We have no 
hesitation in stating that their conclusions are based on an impel feet 
application of the method Their \ allies for the concentration of 
epinephime in the blood of the adienal \eins and, therefore, in the out- 
puts, are loaded with a seiious enor which makes them much too 
great, incredibly great to us, in many instances We believe that this is 
due to the cumulative effect of more than one mistake in the application 
of the method In some cases, acceptance of the nominal concentration 
of epinephime m the standard instead of the real concentiation may 
be a factoi Material loss of epinephrine from solutions made up at the 
beginning of the test and kept standing, with frequent opening and 
introduction of pipets into the bottles can occur. We make up each 
specimen of epinephrine just befoie application to the segment If 
an error of this natuie is made, the effect will be to increase the appaient 
concentrations (and outputs), and the obseiver who obtains the smallei 
concentrations may be piesumed to have avoided erroi from this cause 
more successfully than he who obtains the larger concentrations When 
one of the Japanese observeis finds a concentration of 1 250,000 in the 
initial sample of blood fiom a dog, weighing less than 12JCg , with a flow 
of blood of 30 cc pei minute from the adrenal glands, we can only say 
that theie is a big enor somewhere We have never seen any condition 
like this in the laige number of dogs on which we have made estimations 
The output for the animal per minute is 0 12 mg of epinephrine (the 
observer gives it as 0 012 mg , but this is obviously an enor if the con- 
centration IS gi\en coirectly) If this output were maintained for eight 
or ten minutes onl}, an amount of epinephime equal to the entire store 
in the glands would be given oft He does not point out this amazing 
result or make any comment on it, it simply goes down in the table 
Mflien another of the fapanese investigators finds in a cat a concentra- 
tion of 1 40000 in the blood of the adrenal vein, probably about 
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1 20,000 in the seium (aftei nicotine), no suspicion is betia)ed that 
lesults of this kind tend to disci edit the papei Yet in discussing lepoits 
of othei authors on pei fusion expeiiments with the adienals of oxen 
(a pool method foi studying the secretion of epinephiine) a point of 
exclamation is mseited by the obseivei when he mentions that con- 
centiations of fiom 1 100,000 to 1 20,000 ( ') weie found m the 
pel fusion fluid The point (oi exclamation) is well taken In a 
deafleiented dog, that is, one in which the posteiioi loots supplying the 
opeiative field have been cut, a concentiation of 1 70,000 was found m 
the initial specimen of blood, with a coiiespondingly laige output 
Nothing like this was found m the lest of the expeiiment, even when 
sensoiy neives weie stimulated The explanation given is simply that 
the dog was excited and objected to being fastened No such concen- 
tiations and outputs weie found in initial specimens fiom othei dogs of 
the series which behaved in the same mannei Theie aie numeious 
lecoids of excessive concentiations in piactically ever) table m the series 
of papei s, concentiations such as we have not seen undei similai condi- 
tions, and many of which could be estimated by a coloiimetiic method 
In oui own investigations, it was only when the output was gieath 
stimulated (by nicotine) that concentiations capable of being estimated 
coloiimetiically weie seen, although they weie much smallei than those 
given by the Japanese investigatoi s On internal evidence, theie- 
foie, we must decline to accept the lesults of these woikeis, we 
object as strongly to the figuies by which they pi of ess to confirm oui 
woik (strychnine, nicotine, etc ) as to the figuies on which the)- rely 
when the) come to conclusions diffeicnt fiom ouis (sensoiy stimulation 
and asphyxia) 

Othei obseivei s who have obtained what the) consider positive 
lesults have used methods which did not peimit estimation of the rate 
of outjDut of epmephiine oi of changes m that late (anastomosis of 
the adienal vein of one dog with the jugulai vein of another, etc ) 
Then conclusions are based on the occuiience of one leaction or anothei 
which they mteipiet as indicating an mcieasc m the output of 
epmephiine during sensoiy excitation oi asjihyxia But without excep- 
tion the supposed demonstiations fail to show that the output is 
inci eased A gieat defect m these methods is that changes m the late 
of blood flow fiom the adrenal gland and the late of passage of 
epmejihime into the icactmg animal aie not controlled 

ACTION or DRUGS ON THE OUTPUT OP EPINEPHRINE 

The action of ceitam dings, fiist investigated by us. on the output 
of epmephiine has been mentioned incidentally It deseives fullei 
tieatment foi its i5h)Siologic mteiest and, in some instances, because 
of a possible theiapeutic ^alue Space is not available, howevei, for 
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a detailed discussion It will suffice to sa} that some drugs increase 
the rate of output, for example, strychnine The increase may be to 
many times the initial value, and the arteiial blood may become charged 
with detectable concentrations The action of strychnine is central, 
section of the splanchnic and other nerves going to the adrenal glands 
prevents it An increase to 100 times the oiigmal (diminished) output 
111 an animal with a high section of the cord has been seen on admin- 
istering strychnine Morphine (in cats) and physostigmine are other 
drugs which increase the output 

Other drugs dimmish the output of epinephrine Nicotine is an 
example The paralyzing action is preceded by a brief peiiod (fiom 
half a minute to a minute) during which the output is greatly inci eased 
The increase swings ovei quickly into a marked decrease, which lasts 
much longer but can end in a recovery'^ if the dose is not too great The 
stimulating action can be elicited after the splanchnic nerves, etc , have 
been cut , it is, therefore, not a central action 

A large number of drugs may be expected to exert an action on the 
output of epinephrine We investigated a consideiable number and had 
planned to examine a good many additional drugs likely to be found 
active, but the work on the cortex came to the point at which all oui 
available time was absorbed It was necessary to abandon further woik 
on the action of drugs on the output of epinephiine at least for a time 
Whether such an inciease as can be caused by strychnine and other 
drugs would ever be useful could only be determined by experience 
Calculation, however, of the greatest possible effect of safe doses on the 
output might indicate whether the corresponding increase in the con- 
centration of epinephrine in the arterial blood would be of any use in 
ceitain conditions It is easy, of course, to intioduce artificially far 
greatei amounts of epinephiine than can ever be given off from the 
glands Usually the results have been disappointing That epinephrine 
should have no substitutive effect in experimental adrenal insufficiency, 
as shown by us many'^ years ago ( for the first time, we believe, on properly 
prepared animals), and in Addison’s disease, is to be expected since 
the loss of the cortex is the important lesion m these conditions 

COMMENT AND SUMMARY 

Our first step was to show conclusively that the mtei renal tissue 
(cortex) IS the part of the adrenal body indispensable to health and 
life The chromaffin tissue (medulla) can be destioyed, the discharge 
of epinephrine from it arrested by section of its nerve supply, or both 
operations can be performed without ill effect, immediate or remote, 
and, indeed, without any noticeable effect 

^Ve then studied the symptomatology' and pathology of the con- 
dition which follows complete adrenalectomy (total adrenal insufficiency') 
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and deteimiiied the length of the penod of suivival and the peiiod of 
good health in a large senes of dogs, destined to serve as controls for 
our studies on the influence of tieatment by cortical extracts and in 
othei ways Nothing in the hteiatuie was found to be of value, because 
It was clear that the animals had died laigely in consequence of inade- 
quate opeiative technic and seldom, if evei, from adienal insufficiency 
alone Oiii results proved that dogs properly operated on, and under 
pioper conditions, lived in a majority of the cases fiom 6 or 7 to 8 or 9 
days A good many survived well into the second week, and not a few 
lived for 13 oi 14 days Occasionally a dog lived a day or two longei 
The aveiage for the first 120 dogs was 7 days, and foi the later series 
about 8 01 9 days 

Cats live longer than dogs, the aveiage period of survival in oui 
senes being 11 days Many cats live foi 2 weeks, a few 3 weeks 
Occasionally an animal suivives longer than the fouith week One lived 
for 323 ^ days 

A series of animals m which treatment is given (for example, with 
extracts), in order to yield a definitely positive result, must show a fair 
numbei of animals surviving well beyond the maximal peiiods of life 111 
the coiiti ol sei les , also, a considerable number should reach the longei 
peiiods of survival of the control animals A compaiison of the averages 
IS not at all satisfactoiy unless the tests mentioned give strongly positive 
reactions If a series of tieated cats were to show a few animals living 
from three to five weeks and many of them living from nine to 
fifteen days, this could not be legaided as a positive result Similar 
lesults for dogs, howevei, would be consideied positive Since the com- 
parison depends absolutel} on the contiol animals, too much care cannot 
possibly be taken in accumulating a good control series 

We have shown for the fiist time that extracts of coitex, fiom the 
adrenal glands both of dogs and of animals fiom the slaughter-house, 
cause prolongation of life when injected into dogs, far beyond any 
lesults seen in the contiol animals The period of good health is corre- 
spondingly piolonged The intenenal tissue theiefoie contains and, it 
is to be supposed, produces a substance which we suggest may appio- 
pi lately be teimed interrenahn , and this substance has the powei of 
staving off death m adienalectomized dogs As soon as the difficulty 
of this feat is leahzed, the question whethei life can be prolonged 
ten days, fifty days or hundieds of days ceases to take fiist place 
The pioblem becomes a mattei of dosage, the piepaiation of the extiact, 
etc If life IS piolonged beyond a doubt by the action of an 
extiact, the active substance in some way 01 other must enable the 
organism to sui mount all the emeigencies which threaten its life and 
will inevitably destioy it when it has reached the span, brief at best, 
allotted to dogs depiived of the adrenal glands and not subjected to 
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treatment It is not a small reaction of an unimportant substance ^\hlch 
neutralizes the poisons destined to oierwhelm the untreated animal 
w ithin a \\ eek or two, or preA ents their deA elopment b} contnbuting to 
the metabolism what is necessary to keep it normal , nor is it a small 
reaction of an unimportant substance which staves off the breakdown, 
probably centering about the gastro-mtestinal tract, and announced first 
of all among the serious terminal sjmptoms b} the onset of anorexia 
It IS a potent reaction of a highl) significant substance that takes hold 
of a dog destined to die, let us sa}- at tlie end of the tenth day, and 
carries him on in good health until the end of the twentieth or thirtieth 
da}, or sometimes much longer The test is, indeed, so severe that it 
ought not to liaA^e occasioned disappointment had the series in which treat- 
ment was gnen rarely revealed an animal living longer than any of the 
controls There wmuld still haAC been good reason to beliCAe in the 
existence of a cortical hormone and the possibihty of substitution of 
It for the missing intei renal tissue Clear and definite proof lioAAeA^er, 
AAhich must be accepted by eAer}one aa'OuW not haAe been obtained It 
IS quite another thing to study a symptom not in itself acutel} fatal in 
order to see A\hether treatment AAith extracts has any effect on it 
This could be done with insulin by estimating the sugar content of the 
blood, but nothing of the kind is possible, at present, in the case of 
the actne substance of the cortex It is true that w'e haAe gained the 
impression that some of the sa mptoms, especially the anorexia and Avhat 
often characterizes it, the aA ersion to fats, may be modified b} treatment 
But this IS too A^ague to serAe as a crucial test Nor does it seem 
possible at present to emploA the deA elopment of the increase in the 
nonprotein nitrogen, the urea nitrogen etc , as a test of the efficac} or 
inefficac} of a treatment, for the change occurs AAdien the severe terminal 
s} mptoms appear or are about to appear, AA'hen these symptoms shoAV 
themselves there is no reason for troubling about less eAudent changes 
It Avould be premature to attempt to decide at present AA'hat the 
function of “mterrenahn” is Pharmacologic studies may throAv some 
light on the question Its influence on the general metabolism or on 
some special metabolic process must, of course, be investigated The 
fact that in the untreated animal, as has been mentioned, the breakdoAvn 
seems to center around the gastro-intestinal tract and that the pathologic 
changes are prominent there suggests that the cortex has some special 
relation to that tract including the pancreas In Addison’s disease gastro- 
intestinal SA mptoms are among the classic features We haAe seen at 
autopsA in a case of acute adrenal insufficiencA a condition (gastro-mtes- 
tinal congestion hemorrhage blood in the lumen and congestion of the 
pancreas) precisely resembling AAhat is so often observed in dogs dAing 
after loss of the adrenal glands The necropsA shoAved destruction and 
atrophy of the glands The relationship, hoA\eAer, is not asserted, it is 



STEWART— ADRENAL GLANDS 


763 


merely suggested as a hypothesis It is unceitain whethei the asthenia, 
which develops soonei oi later following the appearance of anoiexia, 
IS so specific that the cortex must be assumed to bear a special i elation 
to the iieui omusculai system 

Whatevei the function of the cortex may be, the artificially admin- 
isteied extracts substitute foi it, so that the animal, so fai as is Known, 
remains entiiely noimal It is possible, howevei, that even fiom the 
first day, cumulative changes occui, although they escape detection, 
which m the long lun, culminate in the abiupt appeal ance of the ter- 
minal symptoms and death 

If it IS the office of the coitex to contiibute to, peihaps to control, 
the functioning of ceitain tissues or organs or ceitam metabolic 
piocesses, these will, of couise, suffei derangement aftei lemoval of the 
adrenal glands In addition to the loss of these functions and, of 
course, connected with it, the development of metabolic faults oi faults 
of intestinal absoiption may lead to the accumulation of poisons In 
fact, a maiked feature in animals dying of adienal insufficiency is an 
intoxication, usually levealing itself some time after the anoiexia has ' 
appealed, deepening as the end approaches, and finally submerging the 
cential neivotis system and affecting the cii dilation One can think of 
loss of the cortical active substance, theiefoie, as influencing the organ- 
ism ill two ways deiangement of the mechanisms or processes which it 
noimally contiols, and the development of poisons owing to that derange- 
ment These two factois aie not mutually exclusive An analogy may 
be found m diabetes Lack of insulin not only inteifeies with normal 
carbohydrate metabolism, leading to an increase in the sugai content of 
the blood, but also leads to the accumulation of substances associated with 
the deianged metabolism, which may cause diabetic coma That an 
intoxication is piesent in total adienal insufficiency is, in any case, cer- 
tain The condition can be leheved, as we have shown, by the mtia- 
venous injection of salt solutions These obviously cannot supply a 
hoimone, and may act by washing out mjuiious substances 
Dogs have been kept alive by this treatment foi as long as fifty-four days 
aftei lemoval of the second adienal gland Many lived far beyond the 
maximal peiiod seen in the controls Some weie lescued aftei seiious 
symptoms (foi example, coma) had developed, and suivived for many 
days theieaftei 

It IS shown that no function indispensable to life is peifoimed by the 
medulla Indeed after the destruction or denervation of the medulla, 
or both, eveiything goes on as befoie, the animal lives on indefinitely 
in good health and is indistinguishable in its behavioi fiom an animal 
which possesses its adrenal chiomaffin tissue One deduction from this 
fact IS that there is no foundation foi the view, almost mvaiiably 
expiessed in clinical wiitmgs, that Addison’s disease is due to loss of 
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epinephrine Some physiologists, on the strength of ambiguous obsei*va- 
tions interpreted as indicating a reflexly increased output of epinephrine, 
have unduly stressed, we think, the importance of the part played by 
the medulla in vascular reactions and in the reactions associated with 
the expression of emotions If no change is caused by elimination of 
the medulla, epinephrine from the medulla does not exercise important 
functions 

A detectable content of epinephrine has always been found by us in 
the blood of the adrenal vein, although too small for detection m the 
aiterial blood owing to the great dilution The output of epinephrine 
is much increased by stimulation of the peripheral end of the splanchnic 
neives, accoidmg to our quantitative confiimation of previous workers 
It IS greatly diminished or abolished by section of the nerves going to 
the adrenal glands Whether the epinephrine secretory nerves regenerate 
aftei section cannot be stated definitely , after many months, the output 
of epinephrine is still much diminished The concentration of 
epinephrine m the blood of the adrenal veins is approximately in inverse 
latio to the blood flow, so long as the flow is not too small The output 
is maikedly increased by ceitain diugs, for instance, strychnine, 
physostigmine and, for a brief time (usually a minute or less), nicotine 
It IS diminished by other drugs, such as nicotine (following the brief 
inciease) It is inci eased, although not beyond the maximum of the 
ordinary output (in cats), by acute cerebral anemia 

The foregoing observations have been confirmed by subsequent 
imestigators While we have been unable to measuie a cleai difference 
in the output of epinephrine during the excitation of sensory nerves oi 
during general asphyxia, some other observeis claim to have done so 

It may be asked, what then is the function of the medulla^ In the 
past, errois have been made m attempts to provide this gland with a 
function I should be loath to conclude that it is the “roi faineant” of 
the endocrine glands, a kind of personage little known to physiolog} 
To say that it must be doing something, is a proposition which surely 
IS not worth while contradicting It may even appear self-evident to 
some The real question would be, is it doing anything worth while, 
anything that can propeily be spoken of as a function 7 Does it keep 
up the blood piessuie^ The blood pressure, howevei, is not altered, 
eithei during or after lemoval of the glands The point of view is some- 
times shifted by the assumption that the extracapsulai chromaffin tissue 
is doing the same thing as the medulla, turning out the necessary 
epinephrine, and that epinephrine is not lacking after elimination of the 
adienal glands Those who believe that reactions, such as those pre- 
Mously mentioned, aie abolished when the glands are eliminated, can 
hardly acquiesce in this conception There is experimental evidence 
against it When more is known of the formation of epinephrine and 
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its foierunners, new light may be thiowii on the question undei dis- 
cussion We cannot accept lightly the Mew that the medulla has no 
physiologic function, but is impoitant only as raw material for the 
manufactuiing diuggists 

Theie is evidence that in certain foims of experimental hypei- 
glycemia, epinephrine fiom the adrenal glands ma) be a factoi, although 
usually a minoi one Thus, puncture at a certain pait of the flooi of 
the fouith Aentncle causes hypei glycemia and also an inci eased output of 
epmepbime The hypei glycemia is well obtained when the adrenal 
medulla has been eliminated, and is dependent on splanchnic nerve fibeis 
going to the hvei How much it is aided, if at all, by the iiici eased 
output of epinephrine, dependent on splanchnic nerve fibers leading 
to the adienal glands, depends merely on the late and duiation of the 
inci eased output If the concentiation in the arteiial blood is increased 
be) Olid the thieshold value needed to cause epinephiine hyperglycemia 
and IS maintained above this value long enough, a part of the eftect will 
be due to the epinephrine The hyperglycemia associated with asphyxia 
does not seem to have an adienal element No difterence has been found 
111 the amount of the hyperglyceiiiia whether the medulla was eliminated 
01 not On the other hand, the hypei glycemia caused by morphine 
(in cats and dogs) is gieatly diminished or abolished when the 
adrenal medulla is eliminated Such obseivations suggest, although they 
do not pioie, that epinephiine may exeit some influence on carbohydrate 
metabolism But it must be reinembeied that, so fai as we know, the 
concentiation of epinephrine in the aiteiial blood never under physiologic 
conditions appi oaches the level at which it would itself cause an increase 
111 blood sugai There is no evidence that epinephiine fiom the adrenal 
glands IS the factor which causes hypei glycemia when the function of 
insulin is interfered with Hypei glycemia in the depancieatized dog is 
well maiked aftei elimination of the adrenal medulla 

In considering the question of functions of the medulla it should 
be kept m mind that no important function can in any case be assigned 
to an oigan the loss of which causes no symptoms It is not 
so with the thyroid and the parathyioid glands, the islets and the adienal 
coitex, their physiologic value is levealed by the consequences of their 
lemoval They may, theiefore, be assumed and are known to exercise 
impoitant functions It may seem cuiious that the adrenal medulla 
IS abundantly supplied with neives which contiol the output of 
epinephrine sti ictly, while it has not been pro^ ed that the production and 
discharge of the impoitant hoiinones of the thyioid and parathyioid 
glands and islets aie undei the contioi of neives The adienal cortex 
functions noinially when the gland is deneivated If, as is currentl) 
believed, the adienal medulla is composed of cells representing genetically 
sympathetic ganglion cells, it is to be expected that it should diffei from 
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the other endocrine glands enumerated foi all of them aie of quite dif- 
ferent origin The pituitary gland is left out of the discussion , little is 
known about its functions Genetically, the anterior lobe would fit in 
with some of the other endocrine glands but not with the adienal 
medulla 

We have suggested as a possibiht}'^ that the reason foi the close 
control of the output of epmephiine by the nervous system may not be 
to keep up the concentration in the arterial blood to a ceitam beneficial 
level, but to keep it below a certain harmful level In the adrenal glands, 
there exists a stock of epinephrine which under abnormal conditions 
(for example, massage) can be hbeiated, not all at once, but so lapidly 
that harmful concentrations might be reached This stock, amounting 
usually to about one-thousandth of the moist weight of the adienal 
glands, possibly 1 per cent of the moist weight of the medulla, could 
easily be dangerous were it possible for it suddenly to escape into the 
adrenal veins 

It IS impossible to go into the mteiesting observations, first put on 
a sound basis by Elliott, on the store of epmephiine This, of course, 
represents a balance between production and discharge, its amount gives 
no direct information as to changes in the late of output Intense and 
prolonged emotional disturbance causes no effect on the store of 
epinephrine, but numerous drugs dimmish it greatly 
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Pulmonary suppuiation following tonsillectomy occurs with suf- 
ficient fiequency to airest the attention of both the suigeon and the 
internist, but the exact method of its development is still in dispute 
Aschner,’- who studied the different types of pulmonary suppuiative 
lesions encountered in the human being in the mateiial obtained from 
resections of the lobe peifoimed by Lilienthal, diffeientiated the 
following types (1) bronchiectasis, (2) bronchiectatic abscess, (3) 
suppurative pneumonitis, and (4) extrabronchi al abscess Gioups 3 
and 4 frequently merge into each othei, as areas of suppuiatne pneu- 
monitis may break down and develop into a laige extrabronchial 
abscess It is the bronchiectatic abscess group which was of paiticular 
interest m the present investigation, as in each of the ten cases 
studied by Aschner this condition followed the operatne removal 
of the tonsils and adenoids undei general anesthesia In one 
of the foul cases of suppurative pneumonitis, the condition de^ eloped 
a few days after tonsillectomy, in the other three, as a sequence to 
pneumonia 

The clinical occurrence of postoperative abscess of the lung has 
been extensively leviewed by Cutler and Hunt - and b} Schlueter and 
W eidlein ^ It is surprising to note the exceedingly large number which 
has followed tonsillar opeiations In a series of 1,908 cases of abscess 
of the lung reported by the Schlueter and Weidlein, 515, or 29 6 per 
cent, were postoperative, and of these tonsillectomy contributed 268, 
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01 14 6 pel cent of the entire gioup Of couise, this gioiip includes 
leports b} authois who stiessed tonsillectoni} as the most fiequent 
piedisposing factoi of postopeiative abscess of the lung On the othei 
hand, L}man,* who lecoided 20,000 tonsillectomies peifoimed under 
nitrous oxide anesthesia m the medical depaitment of Washington 
Unneisit), did not lepoit a single case of postoperative abscess of the 
lung Hedblom ° lecoided onl}^ 2 of 20,000 at the Mayo Clinic 
Mooie,® publishing data of 450,000 tonsillectomies, obtained through 
questionnaii es, reported abscesses in 202 cases, an aveiage of 1 in 
eAery 2,500 to 3,000 Heib," in a senes of 12,045 opeiations on 
adenoids and tonsils, saw 2 abscesses of the lungs Glowacki,® collect- 
ing data fiom vaiious hospitals m St Louis, found 1 m eveiy 358 
tonsillectomies, and Keiper ° stated that 1 of 781 tonsillectomies was 
followed by abscess of the lung 

Obiiously, such appaientl}' conflicting statistics give use to the 
questions 1 How many of these cases weie followed up after ton- 
sillectom} ’ 2 What part does individual susceptibility to pulmonaiv 
infection play m its occuiience^ 3 Is the presence of preoperative 
lespiiatoiy infections of importance 7 4 What idle, if any, does 
opeiatne technic assume m the pathogenesis^ 

It is not within the piovmce of this paper to entei into a discussion 
of all foul questions Some have aheady been coveied by Myerson,^® 
Wesslei “ and othei s My task is lather to review the clinical 
obseiiations biiefly only as fai as they may have a bearing on the 
pathogenesis of abscess following tonsillectomy, to sift the available 
data with lefeience to the two outstanding hypotheses, namely, the 
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scope 33 153 (Feb ) 1923 

9 Keiper, G F The Tonsil Question Up to Date, Larvngoscope 31 777 
(Oct) 1921 

10 IMierson, kl C Pulmonarv Aspects of Tonsillectomy Under General 
Anesthesia, Laryngoscope 32 929 (Dec) 1922, Lung Abscess Follownng Tonsil- 
lectomy A Contribution to the Etiologj, Arch Otolaryng 1 137 (Feb ) 1925 

11 Wessler, H Lung Abscess and Bronchiectasis A Clinical and Roent- 
genological Stud^ of 100 Cases, Am J Roentgenol 6 161 (April) 1919, Suppura- 
tion and Gangrene of the Lung A Study of 100 Cases, JAMA 73 1918 
(Dec 27) 1919 
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embolic and the aspirator} origin of abscesses folloAMng tonsillectom} 
and finally to present experimental e\idence which tends to corroborate 
the aspirator} theor} 

In considenng the pathogenesis of abscess of the lung following 
tonsillectomy, three methods of infection natural!} suggest themsehes 
(1) b} direct hmphatic extension from the operatue area (2) b} 
way of the bronchi through aspiration and (3) b} way of the blood 
stream in the form of septic emboli 

In the assumption of the hmphatic route as a means of trans- 
mission, Clendennmg laid a great deal of stress on the w'ork of 
Grober who tried b} experimentation on animals to establish a con- 
nection between the hmphatics of the neck and those of the lung The 
latter drew his conclusions from experiments performed on twent\- 
eight animals, dogs and rabbits three of which were successful The 
injection of coloring matter, such as Chinese ink into the tonsils 
showed the connectne tissue of the neck along the lar}nx to the 
aperture of the thorax colored s}mmetncall} “The hmphatic glands 
along the large blood vessels, as well as those in the supracla\ icular 
region were deepl} stained The coloring matter w^as found within 
the hmphatic vessels and in the para\ascular spaces A fibrous 
exudate was found in the apexes of both lungs thus forming a bridge 
of inflammator} material from the parietal to the \isceral pleura The 
coloring matter was also present in the exudate The glands of the 
mediastinum were stained on the left side as were also the bronchial 
glands On the basis of these experiments, Grober built the 
h}pothesis “that tuberculous infection of the apex of the lung ma} 
take place Ma the deep hmphatic chain the supraclaricular glands 
thence to the parietal hmphatic \essels where an inflammator\ exudate 
IS thrown across the visceral pleura ’ The e\ idence presented how - 
ever, is insufficiently conimcing and is not substantiated b} the well 
known studies of W S Miller,^'* whose im estigations do not in am 
way indicate a direct connection bet\veen the cervical l}mphatics and 
those of the lung Nor has ]Most succeeded in demonstrating any 

12 Clendennmg L The Cause of Abscess ot the Lung After Tonsillectom> , 
JAMA 74 941 f April 3) 1920, Abscess ot Lung, Laryngoscope 32 128 
(Feb) 1922 

13 Grober Ballenger Diseases of the Xose, Throat and Ear, Philadelphia 
Lea & Febiger, 1914, p 398 

14 Miller, W S Some Essential Points m the Anatomy of the Lung '\m J 
Roentgenol 4 269 (June) 1917, The Vascular Supply of the Pleura Pulmonalis, 
-^m J Anat 7 389, 1908 

15 IMost, A Die Topographie des Ly mphgefaessapparates des menschlichen 
Koerpers in ihren Beziehungen zur den Infectionsw egen der Tuberkulose Biblio- 
theca iledica part C, no 21 Stuttgart, Untersuchungen ueber die Lymphbahnen 
an der oberen Thoraxapertur und am Brustkorb Arch f Anat u Enh’ cklngs- 
gesch 30 1, 1908 
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communications between the lymphatics draining the tonsillai region 
and those draining the lung and mediastinum 

Fiom a clinical point of view, the majoiity of oj^mion is in favoi 
of the aspiration theory Schluetei and Weidlem stated that in a census 
of lecent contributions on the subject, forty declared themselves in 
fa\oi of aspiration as the cause of abscess, while only ten favoi ed 
embolism The proponents of the embolic theory of the causation of 
abscess following tonsillectomy based their conclusions on the following 
facts (1) the failure to pioduce abscess of the lung experimentall)' in 
dogs b) endobionchial methods, (2) the i datively fiequent develop- 
ment after local anesthesia, (3) the late development of symptoms, 
(4) the high incidence following othei opeiations perfoimed in poten- 
tially infected fields, and (5) the gieatei percentage of occuiience aftei 
proceduie in mobile areas 

The leasons ad^anced for the aspiiation theoiy are summaiized as 
follows (1) the common association with geneial anesthesia, (2) the 
clinical evidence that aspiration occuis, (3) the high incidence after 
tonsillectoni) and othei opeiations on the uppei respiratory tiact, and 
(4) the frequency of involvement of the lower lobe 

Tbe unsuccessful efforts of woikers previous to 1926 to lepioduce 
experimentally by aspiration pulmonaiy suppuration m dogs, together 
with the consideiations enumerated, induced Cutlei,^ Schlueter,® Hol- 
man and others to favor embolism lathei than aspiration as the most 
impoitant factoi in the causation of postoperative suppuration of the 
lung They aigued that tonsillectomy is a common operative procedure, 
and }et the expenmental production of abscess of the lung by aspiiation 
IS an impossibility It must be noted, howevei, that then failure to 
pioduce abscesses in dogs by aspiration cannot be held as conclusive 
evidence that such a mechanism does not occur in human beings, espe- 
ciall) in Mew of the innuineiable clmicaT examples of pulmonaiy 
abscesses following the aspiiation of foreign bodies To this, howevei, 
I shall lefei later 

In suppoit of the embolic theorj, these woikeis fuitbei adduced 
(1) the clinical evidence of some obseiveis who have collected a greatei 
peicentage of pulmonary complications in patients opeiated on undei 
local anesthesia (these pulmonaiy complications, however, included 
embolic pneumonitis without suppuiation) , (2) experimental observa- 
tions which suppoit the view that so-called postoperative pneumonias 

16 AVessler stated that, on the contrar\, involvement of the upper lobe is more 
frequent 

17 Holman, E , Weidlein, I F , and Schlueter, S A A Method for the 
Experimental Production of Lung Abscess, Proc Soc Exper Biol &. Med 23 266, 
1926 
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aie embolic m oiigm (Mason and (3) the occuiience of fatal 
postopei ative embolism (Capelle^*') 

Theie seems to be no need foi contiOACisy as to the possible occm- 
lence of postopei ative pneumonia oi abscess of the lung of embolic 
oiigiii Following the bieaking oft of a piece of infected mateiial 
and Its lodgment in the lung, mfaiction and neciosis of infected tissue 
may fieqiientl} occiii 

The statement that just as many pulmonaiy complications aiise 
aftei local anesthesia when the cough leflex is appaiently not depiessed 
seems, on the siiiface, to eliminate anesthesia as an impoitant factoi 
and to siippoit the embolic theoiy Such cases aie lepoited by Poitci,-° 
Simpson and Noah and Waithm,-- while in 202 cases collected by 
Mooie,® 39, 01 19 3 pei cent, of the opeiations weie done iindei local 
anesthesia The use of local anesthesia m these cases docs not, how- 
evei, wan ant the assumption that the subsequent abscess of the lung 
was embolic m natiiie Most mtcicsling in this connection is the icccnt 
woik of Ochsnei and Nesbit'* in which is shown the fallacy of the 
theoiy that local anesthesia, because it is limited to the pillais of the 
fauces, does not inteifeie with the piotective mechanism of the lespi- 
latoiy tiact These authois said that in moie than 600 cases of 
bi onchogi aph) , peifoimed accoiding to the “passive” technic, aspiiation 
into the tiacheobionchial tiee occuiied following the anesthetization of 
the phannx In a senes of fiie cases of tonsillectomy done iindei local 
anesthesia, Ochsnei and Nesbit found that when iodized oil — 40 pei 
cent Avas administeied to the patients with insti notions to swallow it, it 
could be fluoi oscopically demonstiatcd that the oil passed into the 
tiachea and bionchi instead of into the esophagus These obseivations 
led them to conclude that cveiy patient on whom tonsillectomy is pei- 
foimed undei local anesthesia, may aspiiate some of the mateiial 
which enteis the phaiynx dm mg the time of the opeiation The} 
stated the belief that the dei elopment of an abscess is chiefly dependent 

IS !Mason, E C Blood Coagulation The Piocluction and Prevention of 
Experimental Thiombosis and PulnionarA Embolism, Siirg Gvnec Obst 39 421 
(Oct) 1924 

19 Capellc, W Einigcs zui Fiagc dci postopcrativen Tbiomboembolie, Beitr 
z klm Chn 119 485, 1920 

20 Porter, W B Pnlmonaiv Abscess Following Tonsillcctomv Under Local 
Anaesthesia, Vngniia M klonthh 47 606 (March) 1921 

21 Simpson, T R , and Noah, H G Report of Two Cases of Lung Abscess 
Following Tonsillectomy Undei Local Anaesthesia m Tubciculai Subjects Penn- 
‘^vlvania M J 23 332 (klaich) 1920 

22 Waithin A S, quoted bv Frank, I On Lung Abscess as a Sequel to 
T onsillectoniA^ Laryngoscope 27 474 (June) 1917 

23 Ochsnei, A T, and Ncsbit, W Pulmonan Abscess, Arch Otolaryng 
6 330 (Oct ) 1927 
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on the chaiacter of the aspirated material and on the letention of the 
protective cough reflex which Chevaliei Jackson has aptly termed the 
“w atch dog of the lung ” 

GENERAL EXPERIMENTS ON ASPIRATION 

The extensive clinical evidence m favor of the aspiratoiy theory as 
a cause of abscess of the lung following tonsillectomy has led to a gieat 
deal of experimentation to substantiate this belief As foieiunners to 
the actual pioduction of expeiimental abscess of the lung by this 
method, the concurrent studies by Lemon and Hoelschei on aspi- 
lation in dogs under general anesthesia aie of special interest 

Lemon introduced various substances into the cheek of the dog’s 
mouth by dripping them at a rate not much in excess of that at which 
saliva IS produced His experiments were conducted under ether 
anesthesia An attempt was made both in the administration of the anes- 
thetic and in the postuie of the animal to simulate as neaily as possible 
the opeiative technic on human beings He found that (1) placing 
the subject on an inclined plane increases the iisk of extensive aspira- 
tion of mucus from the mouth into the lowei respiiatoiy passages, (2) 
this IS lessened as the plane passes through the horizontal to a decline, 
and vanishes when a Tiendelenbuig position is reached, (3) in all othei 
postures the dogs aspiiate into the lower passages or into the depth 
of the lungs, especially the lower lobes, regardless of whether the head 
IS in a straight line with the body and muzzle up or whether the head is 
held to one side The dangeis are increased when light anesthesia 
IS employed, when the animal struggles, breathes stertorously, swal- 
lows or vomits The material used m these experiments appaiently 
played no significant role, as vaiious opaque substances m A’-ariable 
amounts weie carried upward against gravity and into the trachea and 
bronchi He also stated the belief that infection about the uppei air 
passages is an important consideration m all operations lequiimg gen- 
eral anesthesia, for bacteiia that had been placed m the mouth (Bacillus 
p] odigwsus) as Avell as oiganisms the noimal habitat of which is the 
mouth, weie obtained fiom the lung tissue He concluded from these 
experiments that postopeiative pulmonary infection may be explained, 
111 part at least, as a result of infection carried to the lung m oral 
secretions, which have been aspiiated by the force of the an cm rent 
created when the chest expands m persons whose protective mechanism 
has been disturbed 


24 Lemon, W S Aspiration Experimental Studv, Arch Surg 12 187 
(Tan) 1926 

25 Hoelscher, R Experimentelle Untersuchungen ueber die Entstehung der 
Erkrankiingen der Luftdege nach Aethernarkose, Arch f khn Chir 57 175, 1898 
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The woik of Hoelschei on animals paiallels that of Lemon In 
coiioboiation of this expeiimental data, Myei son’s clinical obseiva- 
tions aie of gieat importance He examined 100 patients bioncho- 
scopically immediately following tonsillectomy peifoimed undei light 
anesthesia Twenty-two letained the cough leflex, of these, 18 had no 
blood 01 mucus m the ti acheobronchial tract and 4 did Of the lemain- 
mg 78 who did not cough dm mg the opeiation, although they letamed 
the laiyngeal leflex, m only 6 was the ti acheobi onchial tiact fiee fiom 
blood 01 mucus According to Myeison, the pieseivation of the laiyn- 
geal reflex does noi assuie the occniience of cough when the phaiyngeal 
contents come into contact with the laiynx, tiachea oi bionchus The 
mixture of blood with mucus and saliva may not induce a sufficient 
stimulus to set up a cough leflex On the othei hand, anesthesia deep 
enough to abolish the cough leflex readily peimits aspiiation of mucus 
into the ti acheobi onchial tract 

UNSUCCESSFUL EXPERIMENTAL STUDIES IN ASPIRATION 

The eaihest attempts at the expeiimental pioduction of abscess of 
of the lung by aspiiation weie made by Aschnei ^ In conjunction witb 
his studies on the pathologic changes m abscess of the lung he investi- 
gated this question in dogs by insufflating intiatiacheally pieces of 
infected tonsils, adenoid tissue, pus fiom cases of abscess of the lung 
and cultuies of anaeiobes All his lesults weie negative Lambeit 
and Millei intioduced anaeiobic bacteiia intiatracheally into monkeys 
without the pioduction of abscess Scaiff opened the chest of dogs 
and injected 1 cc of semisolid agai containing vnulent pneumococci into 
the centei of a pulmonaiy lobe Undei fluoioscopic guidance, he also 
injected agai which contained vnulent stieptococci, staphylococci, 
sputum fiom clinical cases of abscesses of the lungs and oiganisms lecov- 
eied fiom the nasal dischaige and fiom the lungs of dogs that died 
fiom distempei He stated that in all of the expeiiments he failed 
to pioduce chionic suppuiation of the lung even when he injected 
enoimous quantities and at fiequent inteivals The pieliminary injec- 
tion of boiling watei thiough the wall of the chest into the centei of 
a lobe to produce neciosis and the occlusion of the bronchus with for- 
eign bodies failed to cause a chionic infection in the lung even aftei 
oiganisms were intioduced as pieviotisly desciibed 

Schlueter and Weidlein,® in an attempt to produce pulmonary sup- 
puration by aspiiation, earned out a senes of fifteen expeiiments on 
dogs (undei ethei anesthesia and moiphia), employing the bioncho- 

26 Lambert, AYS, and Miller, J A Abscess of the Lung, Arch Surg 
8 446 (Jan ) 1924 

27 Scarff, J E Pulmonary Blood Pressures An Experimental Studj Arch 
Surg 12 591 (Feb ) 1926 
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scope foi the purpose of introducing \diious substances diiectly into 
the bronchi, but even by such methods none of the dogs developed an> 
pulmonar} lesions 

SUCCESSFUL EXPERIMENTAL PRODUCTION OF ABSCESS OF 
THE LUNG BY ASPIRATION 

The previous failures to pioduce suppuiation of the lung by aspi- 
ration led to the investigations by Kline,-® Smith and Alien,®® who 
leported their lesults in 1927 Kline, employing material from dental 
canes and pyorrhea alveolaris containing spiiochetes and fusiform 
bacilli, claimed to have produced pulmonaiy gangrene in labbits by 
insufflation Smith also reported the production of abscesses in mice, 
guinea-pigs and rabbits by the intratracheal inoculation of materials 
scraped from the alveolai hordei of the teeth of patients suffering 
from moderate seveie pyorrhea Thirty per cent of his animals 
lemained well, 50 per cent died from pneumonia and 20 per cent 
developed pulmonary abscesses Smears and cultuies from these 
abscesses showed the same organisms as those used in the injection 
material Although grossly the abscesses produced were connected with 
a bionchus, none was described as bionchiectatic As a mattei of fact, 
histologic studies of these lesions are not leported 

Smith’s conclusions were that the aspiiation of infected material 
fiom the teeth and tonsils in all probability accounted for the greatei 
number of pulmonary abscesses, and that a small number might result 
fiom infected material aspirated from the upper respiiatory tract 

Following the technic of Smith, Allen was unable to produce eithei 
abscesses of the lung oi pneumonia He attributed his negative results 
to the supposition that spirochetes found m the upper lespiiatory tract 
in normal persons, together with the cocci and fusiform bacilli piesent 
m the material used foi injections, weie killed by a fifteen minute 
exposure at room temperature By altering his technic he succeeded in 
obtaining what he interpreted as abscess of the lung in thiee of fifteen 
dogs His conclusions were that obstruction of the bronchus plays a 
dominant idle m the foimation of experimental aspiiatoiy abscess of the 
lung, and he also ascribed the greatest significance to the development of 
the “multiple abscesses” m the dogs, because clinically most patients 
exhibit multiple lesions rathei than a single abscess with cavity 

28 Kline, B S Experimental Gangrene, J Infect Dis 32 481 (June) 1923, 
Spirochaetal Pulmonarj Gangrene, JAMA 77 1874 (Dec 10) 1921 

29 Smith, D T Experimental Aspiratory Abscess, Arch Surg 14 231 
(Jan ) 1927 

30 Allen, D S Etiology of Abscess of the Lung, Arch Surg 16 179 
(Jan) 1928 
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It seems to me, however, that the presence of single or multiple 
abscess is dependent on the number of ^\ldel} separated foci simultane- 
ously infected and followed In abscess formation It is also piobable 
that the multiple abscesses seen in human beings aie due to the spread 
of the infectious material from bronchus to bionchus as a result of pei- 
sistent coughing which is piesent in the earliest stage of the disease This 
mode of dissemination is stiikingl} exemplified in acinous phthisis 

PERSOXAL OBSERA ATIOXS 

In the further elaboration of the aspiratory theory I carried on 
experiments in an effort to reproduce this condition in dogs A series 
of twenty-seven dogs was emplo 3 ed m the investigation These ani- 
mals were first subjected to section of both recurrent larjngeal ner^es 
A period of se\eial da 3 S vas allowed to elapse m order to permit the 
healing of the preliminary operation Sections of these nerves, as 
subsequently shown, had apparentl 3 no effect on the outcome of the 
experiments, as negative results weie in the preponderance The dogs 
vere narcotized 1 ) 3 ’’ the injection of iso-amyl-eth 3 1 barbituric acid intia- 
pentonealh' m order to eliminate ether anesthesia as a factoi in the 
production of pulmonar 3 ’- congestion 

The essential object in this stud 3 was to establish the fact that the 
aspiration of bacteria was responsible foi the production of suppuration 
irrespective of an 3 trauma of the upper iespirator 3 tract With this 
in mind, 0 5 cc of tu ent 3 -four hour old broth culture of bacteria 
grown on Noguchi mediums, obtained fiom the sputum of patients 
suftermg with abscess of the lung, uas injected into the bronchus of 
the lower lobe of the lung of a dog b 3 ' means of a bronchoscope The 
tuentj'-four hour cultures contained spirochetes, fusiform bacilli strep- 
tococci and staph 3 lococci and were emplo 3 ed in most of the experi- 
ments Before this cultured material was injected, from 1 to 2 drops 
of fresh, purulent sputum from the same patient fiom which the organ- 
isms had been obtained oiiginally weie added to make up the final 
0 5 cc used Mixed cultuies uere used because most abscesses of the 
lungs contain a multiplicit 3 of bacteria Whene\ei single strains of 
organisms (stieptococci) weie emplo 3 ^ed, the dogs dei eloped either 
pneumonia oi nothing at all Of 20 dogs injected via the bronchoscope, 
2 (dogs 4 and 5) developed single encapsulated abscesses of the lowei 
lobes, 1 (dog 467) several abscesses, tvo in the lower lobe and one in 
the uppei lobe of the right lung, a fouith dog (dog 77) had a suppuia- 
tive pneumonitis, and a fifth (dog 87) presented an involvement of the 
loner lobe chai acterized by a laige scai within the lobe, which was 
adherent to the diaphragm The appearance of this lesion was similar 
to the abscesses of the lower lobes which had been obtained m dogs 
4 and 5, except that it looked healed In this experiment the same cul- 



776 


ARCHIVES OF INTERNAL MEDICINE 


tures were used as employed in dogs 4 and 5, with the exception that 
they were foity-eight hours old and probably less virulent This may 
also have accounted for the rapid healing 

TECHNIC 

The technic as employed by Dr Sidney Yankauei and membeis of 
his staff who assisted in this woik was as follows 

Dogs were employed in these experiments exclusively They were first 
anesthetized with a 2 per cent solution of iso-amyl-ethyl barbituric acid, intra- 
peritoneally From 3 to 4 cc of such solution, per kilogram of body weight, was 
administered to each dog, which induced sleep within fifteen minutes A bron- 
choscope was introduced into the animal as far into the divisions of the main 
bronchi as possible , then a small cannula, 1 5 mm in diameter, but long enough to 
reach well bejond the bronchoscope, was introduced and advanced as far into 
the bronchioles as it would reach To this cannula a glass syringe was attached, 
bv means of which 0 5 cm of various bacterial mixtures were injected The 
material used for injection consisted of 0 5 cc of a mixed culture of bacteria, 
containing streptococci, staphylococci, fusiform bacilli and spinlli, grown on 
Noguchi mediums for twentj-four hours This culture was derived from the 
sputum of a patient suffering from chronic abscess of the lungs 

PROTOCOLS 

Expeniitciit 1 — May 25, 1926 Dog 1, weighing 8 Kg, was given 20 cc of a 
2 per cent solution of iso-amyl-ethyl barbituric acid mtraperitoneally Following 
the injection the dog manifested a marked febrile reaction and died within four 
dajs Autopsy showed pneumonia involving all the lobes Microscopic section 
also showed an extensive hemorrhagic pneumonia 

Fu e-tenths cubic centimeter of the same culture as that used in dog 1, 
except that it was mixed with 0 5 cc of blood removed from the femoral vein, 
%vas injected simultaneous!} into dog 2 Following this injection, the dog slept 
profound!} for t}}ent}-four hours Between May 25 and June 5, the temperature 
ranged between 1014 and 103 F A roentgenogram taken on May 30 showed a 
pneumonic infiltration m the lower lobe of the right lung On June 5, the dog was 
killed Autops} revealed an organizing pneumonia Microscopic section cor- 
roborated the process 

Dog 3, }veighing 8 5 Kg , }vas given injections in the same manner as dog 2 
He reacted }vith a temperature ranging between 101 and 103 F A roentgenogram 
taken on Alay 30 showed a pneumonic involvement of the lower lobe of the right 
lung On June 7 the animal }vas killed On microscopic section, hemorrhagic 
pneumonitis and areas of productne pneumonia }vere observed 

Expo uncut 2 — klay 28, 1926 Dog 4, weighing 8 Kg, }vas given 30 cc of 
iso-am}l-eth}l barbituric acid mtraperitoneally Two davs beforehand the recur- 
rent lar}ngeal nerves were cut so as to pre}ent the dog from barking Five-tenths 
cubic centimeter of mixed culture from a case of abscess of the lung, plus some 
fresh pus obtained from the same case, }\ere mixed m a syringe and introduced 
into the bronchus b} the technic previousl} described On May 30, the temperature 
of the dog rose to 103 F The dog coughed on the slightest exertion and }vas 
extremely sick and inactne Ph}sical examination sho}ved an area of bronchial 
breathing o\er the lo}\er lobe of the right lung Roentgen examination sho}\ed an 
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infiltration in the lower lobe of the right lung in the region into which the mixture 
of bacteria and fresh pus had been introduced On June 5, cle\en da>s after 
injection, the dog w'as killed Autopsy showed a sw’ollen low'cr lobe of the right 
lung which was w’idely adherent to the diaphragm Witliin tins lobe a hard nodule, 
4 cm in diameter, was felt, which on section proved to be an encapsulated solitary 
abscess The capsule was composed of thickened, fibrous connectne tissue which 
merged with the adhesions to the diaphragm It w'as impossible to trace any direct 
connection between the abscess and a bronchus It seemed to have been com- 
pletely w’alled off Microscopic section show'ed a fairly large abscess with an 
extensive area of central necrosis, in which polymorphonuclear cells, mononuclears, 
red blood cells and various broken down cellular elements were scattered The 
necrotic mass was surrounded by a 7one of granulation tissue w'hich in turn was 
enclosed by a fibrous capsule of connective tissue, sending prolongations into the 
enclosed granulation tissue Outside the fibrous capsule the lung show^ed an 
extensive pneumonitis with sections of collapse induration The pleura w'as exten- 
sively thickened (fig 1) 

Expciimcnt 3 — May 28, 1926 Dog 5, weighing 8 Kg , w'as given 30 cc of iso- 
amyl-ethyl barbituric acid intraperitoneally (tw'o da>s after section of the recurrent 
laryngeal nerves) , twenty minutes later the dog w'as profoundly asleep Five- 
tenths cubic centimeter of culture plus fresh pus from the same case as used in 
dog 4 W'as employed This mixture was introduced into the bronchus of the lower 
lobe of the left lung, in the same way as in the other experiments The follow'ing 
day the dog w'as still asleep and extremely sick The temperature ranged between 
102 and 103 F m the afternoons for the next week Cough began on the third day 
after inoculation The dog was killed on June 8 A roentgenogram showed an 
infiltration in the lower lobe of the left lung Autopsy showed an enlarged lower 
lobe, in the lower end of which there w'as a hard, nodular mass, from 3 to 4 cm 
in diameter Section showed a central area of necrosis, and the cavity surrounded 
by a tremendous mononuclear infiltration interspersed with fibroblasts, w'hich arose 
from the surrounding fibrous capsule already formed beyond the necrotic area 
Surrounding this capsule was an extensive hemorrhagic pneumonia 

Expcumcnt 4 — June 19, 1926 Injections of 1 cc of culture of mixed strepto- 
cocci plus fresh pus w'cre made into dogs 68, 69 and 71, after the dogs had first 
been subjected to section of the recurrent laryngeal nerve All three dogs suc- 
cumbed the follow'ing day with an extensive hemorrhagic pneumonia 

Expel imcnt 5 — ^June 29, 1926 Mixed cultures, including fresh purulent 
material, w'ere injected into dogs 84, 85, 86 and 87, the same technic being 
employed Dog 84 was killed on July 15 and showed normal lungs Dog 85 W'as 
killed on July 7 and showed normal lungs Dog 86 w'as kept alive until September 
29, at which time reinjections of mixed cultures w'cre made, he w'as killed on 
October 15 Autopsy showed normal lungs Dog 87 w'as killed on July 13 
Autopsy show'ed a thickened lower lobe of the left lung with marked adhesions 
to the diaphragm Microscopic section show'ed scarring and fibrosis of the lung, 
the scar tissue leading from the diaphragm into the superimposed lung It was 
impossible to state whether or not I was dealing w'lth a healed abscess of the lung 
Tlie general appearance w'as suggestive, as the section resembled areas seen m the 
dogs with actual abscess of the lung 

Expciimcnt 6 — Sept 13, 1926 Injections of mixed cultures from cases of 
pulmonary abscess were made into dogs 73, 75, 77 and 78 on the same day, by 
means of the same technic There were no spirochetes in these cultures, onl}' 
anaerobic and aerobic streptococci Dog 73 died on September 14 w'lth extensive 
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hemorrhagic pneumonitis Dog 75 survived and was killed on October 14, normal 
lungs were found Dog 77 was killed on September 24 Histologic section showed 
evidence of a chronic pneumonitis and foci of suppurative pneumonia Dog 78 
remained alive, and on September 28 reinjections of a mixed culture of purulent 
material were made This injection, as in some of the other experiments, was 
followed by a rise in temperature, which gradually subsided The dog remained 



Fig 1 — Extensively thickened pleura, below the abscess 


well On October 13, injections w'ere again made, with negative results On 
October 25, intrabronchial injections of 0 5 cc of bile were made into the same 
animal, a control for other experimen s in which mixed cultures of streptococci 
plus bile w^ere used for injection The bile was used with the idea of reducing 
local resistance The dog w'as finallv killed on November 18 Histologic sections 
showed foci of hemorrhagic pneumonia and areas of interstitial pneumonia 
crowded with histiocvtes containing foreign particles 
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E'lpoimcut 7 — Oct 25, 1926 Injections of 0 75 cc of mixed culture plus 
0 2 cc of diluted bile were made into dogs 254 and 255 These dogs developed 
pneumonia followed by complete recovery 

Five-tenths cubic centimeter of mixed culture plus 0 2 cc of diluted bile were 
injected simultaneously into dog 253 , he was killed on November 16 Autopsj showed 
extensive swelling of the lower and middle lobes of the right lung, ^\hlch were 
glued together by an interlobar exudate Microscopic section showed acute and 
chronic pneumonitis In certain areas productive pneumonia w'as also found 
Cultures yielded a pure strain of anaerobic streptococci 

E\penment 8 — Dec 4, 1926 A culture of anaerobic streptococci, recovered 
from dog 253, plus 0 2 cc of dilute bile, w'ere injected into dogs 492, 493 and 494 
Twenty-four hours later all three dogs were found dead Autopsy show^ed exten- 
sive hemorrhagic pneumonia in each case 

Expci iment 9 — Jan 3, 1927 Five-tenths cubic centimeter of streptococcus 
culture removed from dog 253, was injected into dog 487 The dog was killed on 
January 12 Autopsy show'ed nothing abnormal in the lungs 

An injection of 0 5 cc of mixed culture plus fresh sputum from a case of 
abscess of the lung was made into dog 489 The injection was followed by death 
on January 5 from pneumonia 

Expenvient 10 — Feb 19, 1927 An injection of 0 5 cc of mixed culture plus 
fresh sputum was made into dogs 467 and 468 Dog 468 died from pneumonia 
Dog 467 lived for seven days After the injection he became ill and began to lose 
W'eight On the sixth day he showed a marked dyspnea, cough and emaciation 
He was killed on the seventh day At autopsy a foul-smelling effusion w'as found 
m the right side of the chest The left side of the chest contained no fluid 
Examination of the lungs showed a large abscess in the low'er lobe of the right 
lung, which had broken through into the pleura and w'as responsible for the foul 
effusion A small abscess was also present m the upper lobe of the right lung 
Microscopic examination of the lobe of the right lung showed two large abscesses, 
one next to the other, separated by a pneumonic area of consolidation Each of 
the abscesses was surrounded by an extensive polymorphonuclear exudate, at the 
periphery of which was a fibrin net enmeshing polymorphonuclear cells and cocci 
The necrotic central area of the abscess held numerous clumps of bacteria The 
bronchi within this area were partly destroyed, their walls necrotic, the ciliated 
epithelium scattered and their lumina filled with a fibrinous exudate containing 
scattered polymorphonuclear cells m the center The entire picture was that of a 
severe destruction of lung and bronchi (fig 2) 

SUMMARY OF PATHOLOGIC OBSERVATIONS 

It IS obviously impossible to compare the pathologic changes as 
described by Aschnei in abscesses of the lungs in human beings, with 
those seen m the expei imentally induced abscesses leported On the one 
hand, in Aschnei ’s material fiom human beings the pulmonaiy changes 
weie of three oi more j-eais’ duiation In the dogs the abscesses pro- 
duced were characterized by a process of desti uction which was rapidly 
followed b> an attempt at lepair This w^as evidenced hy the piesence of 
a capsule of connective tissue about the abscesses in tw o of the dogs as 
early as the eleventh day These abscesses w^eie \valled oft and micio- 
scopically showed direct communication with the small bionchi 
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A summary of the protocols showed that eight of the dogs that 
recened injections reco^ered and remained well, thiiteen succumbed to 
pneumonia, thiee developed pulmonar}^ abscesses and one suppurative 
pneumonitis Dog 87 probably showed the results of oiganizing pneu- 
monitis As determined by loentgenogiams and confiimed by histo- 
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the development of an abscess of the lung resulting from the aspiration 
of bacteria ihtrabronchially 

Histologic sections of the lungs of dogs 4 and 5, which were killed 
on the eleventh day of their illness, showed an abscess surrounded by 
extensive granulation tissue and fibrous bands which formed a well 
defined capsule In dog 467, which died on the seventh day of the 
illness, there was a ruptured abscess m the upper lobe of the right ^ 
lung The lowei lobe of the right lung was swollen, and histologicall}' 
showed a large central area of necrosis Thfe larger bronchi Avithin 
the necrotic tissue were filled with a fibrinopurulent exudate The 
walls of the bronchi were necrotic, their mucosa denuded and the 
accompanying blood vessels thrombosed Many of the smaller bronchi, 
alveolar passages and sacs were completely destroyed The visceral 
pleura was greatly infiltrated and in paits thickened by granulation 
tissue 

Cultures from the abscesses of dogs 4 and 5 yielded streptococci 
which at first grew anaerobically only and subsequently aerobically, the 
spirochetes and fusifoim bacilli having entirely disappeared There 
was no fetor The smeais fiom dog 467 presented a mixture of strep- 
tococci and gram-positive bacilli but no spirochetes The disappear- 
ance of the sporochetes raises the question as to whether they were 
sufficiently viable before injection even though, microscopically, evi- 
dence of their motility was present, or whether the bactericidal prop- 
erties of the lungs of the dogs were sufficiently strong to dispose of 
them In Allen’s dogs, with the exception of the one in which both 
the bronchus and the artery were ligated, a similar experience is recorded, 
seemingly pointing to the explanation that the lungs of the dogs are 
easily capable of disposing of these comparatively saprophytic organ- 
isms 

COMMENT 

A survey of the hteiature on expeiimental abscess of the lung fol- 
lowing tonsillectomy still presents two theories of the mode of forma- 
tion, embolism and aspiration The proponents of the embolic theory 
have produced experimental abscesses b> introducing foreign bodies 
into the circulation with the production of an individual embolic 
abscess These imestigators claim that embolic abscesses are usually 
single, which is contrar}^ to the general experience as seen at the autopsy 
table It IS only when a large vessel is occluded by a large embolus 
which does not readily break up that an extensive single area of 
necrosis follows Even admitting the possibility of the occasional 
embolic origin of an abscess following tonsillectomy in human beings, 

31 No cultures were made in this case because the autopsj was not done under 
sterile conditions 
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it does not necessaril}- follow fiom the work of these investigatois that 
all abscesses are to be explained on this etiologic basis The occurrence 
of a single abscess is not an absolute criterion of their embolic nature 
The results with intrabronchial insufflation of mixed cultures m the 
production of single abscesses refute such contentions 

It IS significant from all the experimental work in this field that no 
one has been able to produce chronic abscess of the lung with the patho- 
logic picture described by Aschner in human beings The abscesses 
produced by means of emboli were designated by then authors as 
parenchymatous Those induced by Smith were described as “walled 
off and in connection with a bronchus,” but not bronchiectatic Even 
the abscesses produced by Allen, which give the impression of being 
areas of suppurative pneumonitis rathei than true abscesses of the 
lungs, were described as “remote from the mam bronchus,” the infec- 
tious material seeming to have been trapped in smaller bronchioles 
There is nowhere mention of bronchiectatic abscess 

It IS of significance that abscesses of the lungs have been reproduced 
in dogs, as well as in smaller animals, by aspiration without previous 
trauma to the respiratory tract, and that in the experiments no more 
than 0 5 cc of mixed culture was necessary for this purpose The 
probable factors in the successful experimental production of such 
abscess in the dogs in contrast to previous failures of some investi- 
gators are to be found in the imprisonment of bacteria in the bronchi 
as suggested in Allen’s experiments, and possibly in the abolition of the 
cough reflex through the administration of iso-amyl-ethyl barbituric 
acid as an anesthetic which induced sleep for twenty-five hours The 
sleep prevented expulsion of the infectious material and enabled the 
bacteria to multiply The repeated presence of pneumonia, resulting m 
suppuration both in the dogs reported and in those of Allen, and the 
piesence of single and multiple abscesses show that aspiration can be 
the causative factor of abscesses following tonsillectomy 

If the aspiration theory of abscess following tonsillectomy is 
examined from the point of view of its development, it is probably as 
follows. Aspiration of bacteria producing pneumonia constitutes the 
fiist stage With the occurrence of the pneumonitis and cutting off 
of the active circulation, diminished local tissue resistance ensues The 
rapid increase of bacteria, many of which are proteolytic,®- together 
with the toxins and inflammatory by-products (enzymes, etc ) leads 
to the liquefaction of the tissue involved and the formation of abscesses 
Other areas of the lungs may become infected by organisms introduced 
from the original necrotic area through coughing Pneumonic areas 

32 Manj' strains of streptococci cultivated on Noguchi mediums isolated from 
cases of abscess of the lung, which were emplojed in the experiments, showed 
definite proteoljtic properties in vitro 
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arise about these abscess cavities, which may ser\e as rich reser\oirs 
for the maintenance of the numerous tj-pes of bacteria as well as of 
the spirochetes usuall}' found It is a w^ell known fact that when 
spirochetes are not reco^ered in the sputum, they are imanably found 
in the edges of all abscess cavities and are in all probability secondar} 
invaders These pneumonic areas in their turn break down and lead 
to an extension of abscess formation Simultaneously, how^evei, as 
in all other inflammatory processes, destruction is associated wuth 
repair In the process of destruction, the smaller bronchi imolved in 
the abscess completely disappear, as seen in the sections presented, and 
the surrounding pulmonary tissue shows interstitial inflammation 
This leads to the formation of connective tissue wdiich later shrinks, 
drawing with it and stretching the partially destroyed and dilated, but 
more resistant, bronchi Such a process with the consequent stenosis 
and kinking of remaining bronchi may in the course of events lead to 
actual bronchiectatic cavity formation Should the process of destruc- 
tion proceed more rapidly, the abscess becomes more extensive In 
human beings, Aschner stated that, “About the abscess ca-vity the 
bronchial branch leading into it and the bronchus passing out of it, the 
lung tissue is comerted into a firm, indurated mass showing dense 
bands of connectne tissue separating grayish-} ellow', raised areas 
When the main lobe bronchus is the site of the abscess, the whole 
parench} ma show^s the fibrotic lesion ” 

It is obvious from this description that the lung tissue, after several 
years of destruction and repair, becomes shrunken until practically a 
fibrous mass containing bronchiectatic cavities and a large bronchus 
belonging to the lobe is all that is left The conception that the 
initial process may be a circumscribed bronchial lesion leading to 
stenosis and subsequent distal dilatation with the formation of a 
primary bronchiectatic cavity deserves consideration Such a con- 
ception, howe^er, seems to gain its origin from a study of the end- 
stages alone The initial stages m abscesses in dogs, on the contrary, 
if these may be taken as criteria, in a study of lesions in human beings 
suggest the pneumonic origin This is frequently also seen clinically 
It IS repeatedly confirmed by the roentgen rays and is associated with 
the expectoration of foul-smelling sputum containing spirochetes, 
fusiform bacilli, streptococci, etc Such a pneumonic process, wdiich 
may even go on to partial necrosis, may subside and completely heal 
within from three to six w^eeks in 30 per cent of cases (Wessler 
In the remaining cases, destruction of lung tissue proceeds The i>er- 
sistent cough which disseminates the infectious material into contiguous 
bronchi wuth the usual sequence of events, i e , bronchopneumonia, 
necrosis of pulmonar} tissue and bronchial elements, fibrosis and dilata- 
tion of the remaining bronchi, completes the c}cle w^hich may finally 
end with the production of the bronchiectatic cai ities 
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CONCLUSIONS 

1 A consideiation of the pathogenesis of pulmonary suppuration 
following tonsillectomy has been presented fiom the points of view 
of the embolic and aspiratory hypotheses 

2 Results of experimentations on animals as well as clinical 
experience point to the fact that while embolic abscesses may occur, 
they are exceptional The greater amount of evidence is in favor of 
aspiration as the mode of production of suppuration of the lung foh 
lowing operations on the upper respiratory tiact 

3 Three of twenty-seven dogs that received, through the 
bronchoscope, 0 5 cc of mixed cultures of bacteria recovered from the 
sputum of patients with abscesses of the lungs following tonsillectomy, 
developed abscesses with cavities, one developed pulmonary suppura- 
tion and a fifth presented evidence of a healed suppurative process in 
the lower lobe of the left lung — 14 8 per cent of pulmonary suppuia- 
tion 

4 Suppuration following tonsillectomy, characterized by Aschner 
as bronchiectatic, extrabronchial abscess and suppurative pneumonitis, 
have been found by him in specimens of the lungs studied from two 
to five years after tonsillectomy While the last two forms have been 
obtained by me expeumentally, bronchiectatic abscess could not be 
produced by this method in dogs The reason suggested foi this failure 
IS to be found in the rapid tendency on the pait of abscesses experi- 
mentally produced in dogs to go on to healing Encapsulation of the 
abscess was already observed as early as the eleventh day 

5 The development of pulmonary abscesses in dogs is first mani- 
fested by the presence of pneumonia as demonstrable by the roentgen 
rays This is comparable to the condition seen in the human being 
m the earliest stages following tonsillectomy Subsequent stages of 
this condition, as studied histologically in the dogs, are characterized 
hy the occurrence of necrosis within the pneumonic area and in cavity 
formation This may persist or go on to healing 

6 If results obtained in dogs may be translated to the conditions 
■occurring in man, it is suggested that following aspiration of infectious 
material from the upper respiratory tract, the current of events is as 
follows (1) pneumonitis, (2) necrosis and cavity formation, (3) 
healing or persistence of the primary abscess with the formation of 
secondary bronchiectasis 
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I lecently lepoited a case of hypeipituitai} disease with diabetes in 
wdiich the efficacy of insulin was found to be iinpaiied to a inaiked 
degiee^ Neaily all othei authois have claimed, how'e\ei, that acioine- 
galic diabetes does not diffei fiom panel eatic diabetes in the patient’s 
lesponse to treatment wuth insulin, I lefeiied to some of them (John,- 
Hetzel,^ Sachs and MacDonald,'* and Blum and Sclnvab and demon- 
stiated that the evidence piesented by them wms inadequate to plo^e 
their claim 

Yatei,® m an aiticle published simultaneously wuth mine, again 
attempted to show^ that insulin is in ereiy lespect as effective in acrome- 
galic diabetes as it is m the pancreatic t3pe He lepoited thiee cases 
and cited Colwell," among othei s, in suppoit of his contention 

It IS my puipose heie to show' that a ciitical analysis of Yatei’s and 
Colwell’s results and of the figuies they publish does not yield such an 
Intel pi etation On the contiary, it is easih demonstiated that then 
lesults suppoit the opposite contention The appaient importance of 
these ai tides, Yatei’s wuitten fiom the Mayo Clinic and Cohvell’s from 
Wood)att’s clinic, demands all the more a ciitical leview' 

It has been demonstiated b} many expeiimenteis, some of wffiom I 
quoted, that injections of pituitaiy extract exeit an antagonistic action 
on insulin This fact suggests that the diabetes of acromegaly may be 
the lesult of a siinilai antagonism excited by excessive pituitai}' secre- 
tion on normalh secieted endogenous insulin, this, in tuin, leads to 

^ Submitted for publication, Nov 14, 1928 
From the Evans Memorial for Clinical Research and Preientue Aledicinc 
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the expectation that an additional supply of insulin, given by the paren- 
teral route, will be partly or wholly ineffective That was found to be 
true in the case that I reported 

The patient has died since the report was made The antemortem 
diagnosis of pituitary neoplasm was confirmed at necropsy A large 
pituitary adenoma was found 

During the course of his illness the patient had two attacks of pro- 
nounced glycosuria and hyperglycemia The first extended over a 
period of about a month and then disappeared spontaneously , the second 
came on nearly two years later and continued until the time of death 
Insulin appeared to have little effect on the level of the blood sugar 
during both of these periods, as is shown by the figures and charts con- 
tained in my previous article 

In the literature I have found only one other case (Mahler and 
Pasterny ®) that was reported for the purpose of demonstrating the lela- 
tive inactivity of insulin in acromegalic glycosuria The patient had a 
proved pituitary tumor Sixty units of insulin did not affect the hyper- 
glycemia 

Another case of apparently the same type was reported by Falta ® 
Here the diagnosis was doubtful, although the glycosuria, low basal 
metabolic rate, obesity and extremely small sella turcica suggested a 
hypophyseal influence The blood sugar, befoie treatment with insulin 
was begun, was 226 mg per hundred cubic centimeters of blood Insulin 
was given for a period of nine days, at first 90 units a day and later 
140 and 150 units The level of blood sugar remained high, varying 
during this time between 220 and 250 mg per hundred cubic centimeters 

Yatei ® reported six cases of acromegaly with diabetes in three of 
w Inch insulin was used His contention that acromegalic diabetes yields 
as readily as the pancreatic type to tieatment with insulin is based on 
the reports of these thiee cases 

Table 1 is a condensation of Yater’s tables illustrating his case 3 
It shows that a daily dosage of 50 units of insulin was begun when the 
patient’s blood sugar amounted to 364 mg per hundred cubic centi- 
meters Tw'O days later it had come down to 250 mg , and a week later 
to 160 mg It will be noted, however, that the amount of carbohydrate 
in the diet was greatly reduced on the day before treatment with insulin 
was started The reduction of blood sugai may theiefore have been 
caused b} dietetic restriction At any rate, it is impossible to say how 
much of it was effected by the dietetic change and how much by insulin 
The lower portion of the table suggests that the diet had the greater 

8 Jklahler, P , and Pasterny, K Khnische Beobachtungen uber Insubn- 
wirkung beim Diabetes mellitus, Aled Kim 20 337 (May) 1924 

9 Falta W Ueber einen insulmrefraktaren Fall von Diabetes mellitus, Khn 
Wchnschr 3 1315 (July) 1924 
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influence and may alone have been responsible for the lowering of the 
amount of blood sugar It is shown that after an inter\al of twehe 
days without any insulin, the amount given was 15 units, or less than a 
third of that given at first, yet the blood sugar came down to 130 mg , 
that IS to say, it was lower when 15 units of insulin were used than when 
50 units were used But here again the diet had been reduced still 
further, which, of itself, is sufficient to explain the additional drop in 
the amount of the blood sugar It is unfortunate that estimations of 
blood sugar appaiently were not made during the period when insulin 
was not given 

Another of Yater’s cases (case 5) concerns a woman suftenng from 
acromegaly, hyperthyroidism and diabetes Her history befoie entiance 
to the hospital included reference to two attacks of diabetic coma 


Table 1 — The Data m Yatct’s Case 3 



Carbohydrate 

Dextrose in 

Blood Sugar, 

Insulin, 


In Diet, 

Unne, 

Mg per 

Units per 

Date, 192G 

Gm 

Gm 

lOOCc 

Day 

1/ S 

100 

79 22 

334 


1/ 9 

190 

135 7 



1/10 

196 

145 0 



1/11 

170 

119 



1/12 

102 

69 78 



1/13 

100 

20 41 

364 

50 

1/14 

101 

3S7 


50 

1/16 

99 

6 41 

250 

50 

1/16 

101 

0 95 


60 

1/21 

102 



60 

1/22 

100 


160 

50 

1/24 

100 




2/ 3 

110 




2/ 4 

73 



15 

2/ 7 

100 



15 

2/ 9 

54 



15 

2/11 

54 


130 

15 

2/12 

54 



15 

2/17 

54 


147 

15 


Insulin was used during both of them The patient lecoveied fiom the 
first attack after two days Other details of this attack are lacking 
Dm mg the second attack, she received 300 units of insulin within forty- 
eight houis She awoke for half a da}, but relapsed into coma It 
was “decided that she had been revived from diabetic coma only to go 
into a state of h} poglycemic shock ” Twenty grams of dextrose was 
administered intravenously, and the patient recovered 

Aftei she came to the hospital, the urine contained occasional small 
quantities of sugar, the amount of blood sugar was relatively low, and 
the quantity of insulin used was small The results, therefoie, were 
not striking, but they indicate that insulin appealed to have little effect 
Latei, a partial thyroidectomy was performed Three fourths 
of the right lobe was lemoved The patient died nine days after the 
opeiation 

Table 2 gives the facts legarding uiinary dextrose, blood sugar and 
the dosage of insulin collected dm mg the postoperatne period It will 
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be seen that increasing amounts of insulin, even to the huge dose of 215 
units a day, did not prevent a simultaneous rise m the amount of blood 
sugar 

Yater is at a loss to “explain the inability of insulin to affect the 
blood sugar” during this period He suggests the possibility that a 
thyroid crisis was responsible for it, but states that a “thyroid crisis is 
incompatible with the histologic picture” of the thyroid gland of this 
patient 

On the other hand, it is obvious that the figures m table 2 should 
not be used as evidence of the inactivity of insulin in hyperpituitary 
disease They were obtained after an operation on the thyroid when 
the patient was about to die These complications may have masked 
any effect exerted by the hypophysis And it may be said also that all 
of the other observations in this case, even if they tend to support 
Yater’s contention — which they do not — , should be barred, because 
the case is not one of uncomplicated pituitary disease Hyperthyroidism 


Table 2 — Postoperative Data m Yatei’s Case 5 



llextrose m 

Blood Sugar, 

Insulin, 


Done, 

Mg per 

Units per 

Date, 1927 

Gm 

lOO Cc 

Bay 

S/13 

13 5 

392 

20 

8/14 

49 7 


30 

8/15 

870 

350 

SO 

8/16 

84 3 

400 

90 

8/17 

124 6 

400 

80 

8/18 

589 

426 

135 

8/19 

645 

464 

215 

8/20 

273 

500 

160 


has its own effects on metabolism The present incomplete knowledge 
of the endocrine functions and particularly of their interrelations does 
not enable one to separate fully the metabolic effects of hyperthyroidism 
from those of a complicating dysfunction of the hypophysis Yater 
sensed this when he wrote that “the patient may have been on the crest 
of a wave of hyperthyroidism at the time of the [attacks of] coma ” 
Yater’s third case in which insulin was used (case 6 of his whole 
series) also was complicated by disease of the thyroid Dietetic restric- 
tion reduced urinary sugar from a “moderate amount” to a trace, and 
the blood sugar from 206 to 165 mg per hundred cubic centimeters 
Ten units of insulin was then given twice a day to remove the traces 
of sugar from the urine, but it is not recorded how the blood sugar was 
affected by the insulin This case is, therefore, without value in this 
connection In the historical record of the patient, however, one reads 
that before he entered the hospital he “had often taken as much as 160 
units in a day without severe reaction ” It would appear, then, that the 
case could be cited with greater propriety as proof of the hampered 
action of insulin than as evidence of its efficiency 
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Yater reached the conclusion that both the acromegalic and the 
pancreatic types of diabetes are the results of the same cause, namely, 
an insufficient production of insulin Yet, he qualified this conclusion 
by saying that in acromegalic diabetes “it is possible that enough insulin 
might be secreted but might be neutialized by some new substance ” 
To this I would add that such a new substance, as Borchardt sug- 
gested long ago, IS most likely to be an excessive pituitary secretion 
If it might neutralize the normally secreted endogenous insulin, it 
might just as readily neutralize some or all of any additional insulin 
injected under the skin 

In addition to his own cases, Yater lef erred to Colwell’s paper ' for 
support of his thesis Colwell’s article is a splendid review of the 
literature conceining the relation of the hypophysis to carbohydrate 
metabolism The question of the efficacy of insulin in the diabetes of 

Ta.ble 3 — The Data m CohvclVs Case 



Dextrose m 

Dastinff Blood 

Insulin, 


Urine, 

Sugar, Mg 

Units per 

Date, 1925 

Gm 

per 100 Cc 

Day 

3/19 

378 

260 


3/20 

335 

270 


3/21 

46 0 

200 


3/22 

35 0 



3/23 

17 0 


50 

3/24 

20 2 

250 

50 

3/25 

161 

250 

50 

3/20 

15 3 

240 

90 

3/27 

14 4 

220 

90 

3/28 

10 9 

210 

90 

3/29 

23 


90 

S/SO 

5 7 

190 

90 

3/31 

21 

200 

90 


acromegaly is included Colwell cited four cases from the hteiature 
and added one of his own to prove that insulin affects the diabetes of 
acromegaly “in a manner similar to that observed in ordinary diabetes 
mellitus ” 

Table 3 gives the essential data of Colwell’s case The diet remained 
constant throughout the period covered by the table Fifty units of 
insulin a day, which is not a small dose, effected a reduction of the 
amount of blood sugar from 260 to 250 mg per hundred cubic centi- 
meters This IS practically negligible Ninety units a day, which is a 
large amount, brought the amount of blood sugar down to 200 mg 
I cannot agree with Colwell that these results show that insulin has 
acted “m a manner similar to that observed in ordinary diabetes melli- 
tus ” On the contrary, the same amounts of insulin gnen to patients 
with uncomplicated pancreatic diabetes will elicit a much greater 
response 

10 Borchardt, L Die Hypophysenglykosurie und ihre Beziehung zum Dia- 
betes bei der Akromegalie, Ztschr f khn kled 66 332, 1908 
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This fact IS shown in the accorapan} ing chait The cvirve at the 
left of the chart illustrates the effect of insulin in Colwell’s case^ the 
curves on the right were obtained with patients suftering from pan- 
creatic diabetes In all of the cases the level of fasting blood sugar 
had been stabilized by diet before insulin was used The relatively 
minoi variations in the fiist case of pancreatic diabetes do not contra- 
dict this statement, on the contraiy, they emphasize the fact that a drop 
of the level of blood sugar amounting to only 10 mg per hundred cubic 
centimeters, which Colwell ci edited to insulin, is not necessarily to be 



Comparison of the effects on the fasting level of glycemia produced by insulin 
in Colwell’s case (represented by the first curve at the left of the chart) and in 
two cases of pancreatic diabetes (represented by the second and third curves) The 
hatched areas represent the amounts of insulin given in each case The scale 
indicates the number of units of insulin given each day and the number of milli- 
grams of blood sugar per hundred cubic centimeters of blood 

regarded m that light Colwell’s case vaned by that amount before 
treatment with insulin was begun 

Fifty units of insulin a day elicited a far greater response in the 
patients with pancreatic diabetes than it did in Colwell’s case of acro- 
megalic diabetes In fact, this amount was more effective in these 
patients than was the larger amount of 90 units in Colwell’s case Both 
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patients with pancieatic diabetes suffeied fiom faiilv se\eie insulin 
shock on the evening pieceding the last test foi blood sugar included 
on the chait, both leceived orange juice at that time Had this been 
omitted, the last amount of blood sugar recoided in each case would 
piobably have been still lowei It was neither advisable noi necessary, 
theiefoie, to carry the compaiison with Colwell's case further by giving 
90 units of insulin as he had done It is evident that the diffeience 
between the cuives would stand out still moie stiikingly, had the portion 
lepresenting the effect of 90 units in Colwell’s case been omitted 

Colwell’s case, therefoie, adds fuithei pioof that insulin is less 
active in cases of acromegalic diabetes The fact that a slight i eduction 
of blood and uiinaiy sugar in this form of diabetes may be effected by 
insulin IS not sufficient evidence of its adequate action , its action must 
be shown to be as gieat as it is m the aveiage case of pancieatic dia- 
betes It is likely that cases of aciomegaly may lespond in vaiying 
degiees to tieatment with insulin The vai lability may depend on 
varying intensities of hypei pituitai y activity oi, possibly, on othei com- 
plicating influences 

Thiee of the four cases cited by Colwell fiom tbe hteiatuie, those 
of Sachs and MacDonald,^ John,® and Blum and Schwab,'^ were dis- 
cussed briefly in my previous aiticle They are taken up again in this 
paper, togethei with Hetzel’s case,® which was not mentioned by Colwell 

Hetzel came to the conclusion that m his case “the glycosuiia was 
identical with that of diabetes, it leacted similaih to insulin and contiol 
of the diet” This conclusion, howevei, does not agiee with the text 
of the repoit of his case Theie he stated that “insulin was iiici eased 
successively to 40, 45, 50 and 60 units a day to lowei this hypei glycemia 
[0 24 pel cent] , but the effect was only small, f oi the blood sugar fluctu- 
ated throughout the day between 015 per cent and 0 20 pei cent ” In the 
histoiy of the patient appears the statement that ten months befoie 
admission, he had been treated for his glycosuiia by dieting “Insulin 
was also tried, but it was said to have been without effect, and the 
efficacy of insulin was doubtful ” All evidences of diabetes finally 
vanished, and it may have been this fact that brought Hetzel to the 
foregoing conclusion If that is so, he was misled m that he misin- 
terpieted a spontaneous lecession of pituitaiy glycosuiia, a common 
occurrence, as a therapeutic effect of insulin 

The fouith case cited by Colwell was repoited by Etienne and his 
associates'^ They gave “pancieatic extract (piesumably insulin)’ 
to a patient with aciomegaly and glycosuiia and observed that the glyco- 
suria was 1 educed Colwell, howevei, seems to have overlooked the 

11 Etienne, G , Drouet, L , and Yovannovitch-Bnntcheva, B Glycosurie dans 
I’acromegalie, Rev med de Test 50 271 (May) 1922 Etienne, G Sur la 
pathogenie de la glycosurie chez un acromegalique, Rev ncurol 38 730 (June) 1922 
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important statement made by the French writers that a certain amount 
of sugar persisted and was not affected either by the continuous action 
of the pancreatic extract or by increasing the dose They believed that 
part of the glycosuria was pancreatic in origin and therefore amenable 
to treatment with insulin, and that the irreducible residue was the effect 
of hyperactivity of the posterior lobe of the hypophysis and for that 
reason was not affected by insulin In short, they concluded that true 
hypophyseal diabetes could not be influenced by treatment with insulin 

Aside from this point, however, their case is open to the objections 
that the amount of pancreatic extract given was not stated, nor is there 
any record of estimations of blood sugar Furthermore, the case was 
not one of uncomplicated acromegaly, but, according to the authors, 
presented, in addition, hypertrophy of the thyroid, hypertrophy and 
noninvolution of the thymus, hyperactivity of the suprarenals and 
ovarian insufficiency 

The case of Sachs and MacDonald ^ is that of a woman operated on 
for “acute acromegaly ” The operation was followed by glycosuria 
which, they stated, “in no way differed from the glycosuria of a diabetic 
patient,” and which “was furthermore controlled by the administration 
of insulin ” Glycosuria was apparently not present before the opera- 
tion, so that it must be regarded as a lesult of operative trauma rather 
than as a symptom of pituitary disease This places the case in a dif- 
ferent category and does not prove the efficacy of insulin m true hyper- 
pituitary glycosuria 

John’s report of a case - concerns a man with acromegaly and 
diabetes The blood sugar amounted to 440 mg per hundred cubic 
centimeters at the time of his admission to the hospital The 
patient was put on a restricted diet and received 100 units of 
insulin a day for ten days The blood sugar had then reached 
the normal level Insulin was reduced to 20 units a day and given in 
this amount for about two weeks The amount of blood sugar remained 
normal Insulin was then omitted, and the daily ration of carbohy- 
drate was raised from 100 to 120 Gm Protein and fat, also, were 
increased Despite these changes “the patient kept a normal blood 
sugar level until he was discharged ” 

John concluded that the patient was cured of diabetes as a result 
of the treatment He reported the case primarily for that purpose, 
together with another one, with diabetes of a lesser degree, in which 
insulin was not used but in which the loss of carbohydrate tolerance 
later vanished It is noteworthy that both were cases of acromegaly 
Cures of patients with true pancreatic diabetes are exceedingly rare, 
the spontaneous disappearance of acromegalic diabetes is relatively 
common This must lead to the conclusion that John’s cases were of 
the latter type It is probable that the initial dietetic restriction in his 



795 


ULRICH— INSULIN IN ACROMEGALIC DI iBETCS 

first case lowered the amount of blood sugar to some extent and ma} 
even have been the impetus that led to the eventual restitution of carbo- 
hydrate tolerance In this sense it may be spoken of, ]>erhaps, as a 
cure, but I believe that the tendency to spontaneous recession of ghco- 
suria, shown in many cases of aciomegaly, vas the important deter- 
mining influence in both of John’s cases 

As far as the effect of insulin m his first case is concerned, definite 
conclusions cannot be reached Curtailment of diet and treatment with 
insulin were started at the same time, hence, as m Yater’s case, their 
separate effects cannot be estimated The fact that blood sugar did not 
increase when insulin was omitted supports the argument that it was 
ineffective 

Blum and Schwab,^ also quoted by Colwell, gave 30 units of insulin 
to each of two patients, one with acromegalic glycosuria, the other with 
pancreatic diabetes The responses were essentially equal Details 
about the patient with acromegaly are lacking This is unfortunate 
The reader is deprived of the opportunity of making an independent 
interpretation of the observations m the case If, for instance, the 
previously quoted wi iters, Sachs and MacDonald, had failed to state 
that their patient had developed glycosuria after an operation, but had 
merely reported their case as one of acromegalic glycosuria amenable to 
insulin, the conclusions to be drawn from it would have been decidedly 
different Nevertheless, m the absence of other evidence, the case of 
Blum and Schwab must be accepted as being presumably one of hjper- 
pituitary loss of carbohydrate tolerance in which insulin was effective 

It may be, therefore, that there are gradations of antagonism against 
insulin m different patients with acromegaly, varying from none at all, 
as m the case reported by Blum and Schwab, to almost complete inhi- 
bition, as m the case which I have described Several explanations of 
this variability suggest themselves It may be brought about b} varying 
intensities of hyperpituitary activity "Or, if it is true that pituitar^^ 
tumors may give rise to glycosuria by pressure on neighboring brain 
centers, the simultaneous presence of such a pressure type, which may 
be amenable to insulin, with a hypersecretory type, would lead to var>- 
ing degrees of responsiveness to treatment with insulin Again, it is 
conceivable that some of the patients may develop true pancreatic dia- 
betes, owing to exhaustion of the pancreas from constant stimulation 
by the pituitaiy hyperglycemia Such patients may then become more 
susceptible to treatment with insulin ” 

Yater stated that "the balance of evidence at hand from a clinical 
standpoint certainly fa\ors the deduction that insulin acts in acrome- 
galic diabetes just as it does in diabetes without acromegaly” I ha\e 
attempted to show that critical anahsis of this evidence, including his 
own, fails to support such a statement On the contrary, most of the 
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evidence at hand favors the deduction that insulin acts less efficiently in 
cases of acromegalic diabetes than it does in diabetes without acro- 
megaly 

The evidence, I believe, is sufficiently convincing to warrant the 
use of insulin for diagnostic purposes in cases of gl3COSuria that are 
suspected of having a hypophyseal foundation A demonstrable failure 
of insulin to produce its expected and usual results should be legarded 
as a link in the chain of evidence leading to a diagnosis of hypei pituitary 
disease 



CLINICAL TYPES OF EDEMA IN TliE HE'\RT 
FAILURE OF CHILDHOOD” 

HARROLD A BACHMANN, D 

CHICAGO 

A study of the clinical couise of edema in nephiitis, lecenth pub- 
lished by Aldrich/ piompted me to attempt a similar study of the 
edema associated with heait disease m childien The undeihmg 
thought m both these obseivations has not been to advance any ne\\ 
theones regaidmg the cause and natine of edema, but lather to add 
piecise clinical data to the knowledge of this interesting problem 

During the past five )^eais, I have had the opportunity of obsenmg 
a large number of childien with heart disease, and as these children 
have gone on to recoveiy, chionic invalidism or death, I have been 
impiessed with the wide vaiiations m the symptoms and signs encoun- 
tered The clinical pictuie of associated edema m the child with 
heait failuie, howevei, has always been one of two definite types, each 
one running a constant couise, differing only in degree 

The first type of edema is the commonly recognized dependent type, 
involving the dependent poitions of the body almost exclusivel) It 
appears most piommently m the lower extremities, about the sacrum, 
and occasionally, depending on the position of the patient, in othei 
poitions of the bod} With this type of edema there aie usually found 
ascites, maiked enlargement of the liver and other evidence of cardiac 
failure As a rule, these children not only suffei fiom then discomfoit 
and cardiac embaiiassment, but aie acutely ill and fiequently toxic 

The second type of edema is generalized, and I have come to teim 
it the “nephiitic type,” because of the similaiity of the distribution to 
that seen in nephritis It appears fiist in the face and later becomes 
equally piomment in all portions of the body In degree it is neiei so 
overwhelming as that seen m nephiosis, but it has the same geneiahzed 
distribution legaidless of the position of the patient Otherwise, the 
clinical picture is that of a patient with heart failure, though the heart 
failuie is seldom so severe as that found in the previous type, nor is the 
patient evei so acutely ill He appears more as a convalescent patient 
who has outlived an acute infection and presents the usually associated 
pallor and pool nutiitioii The urinary observations are negatne with 

* Submitted for publication, No% 15, 1928 

■*- From the Cardiac Department of the Children’s [Memorial Hospital 
Read at the Societ\ of Internal [Medicine, Chicago March 26, 1928 

1 Aldrich, C A A Studj of the Clinical Course of Generalized Edema 
J A 1^1 A 84 481 (Feb 14) 1925 
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the exception of small amounts of albumin which are encountered no 
more frequently m the one type than m the other 

Little has been said about the second or generalized t3^pe of edema 
as seen in heart failure m children Resnick and Keefer - recently 
commented and theorized about an edema of the face associated with 
myocardial insufficiency Other mention of facial edema has been made 
by Cohen,® Mackenzie,^ Miller ° and Crummer , ® however, their rather 
casual comments do not suggest the idea that this is a true clinical 
entity appearing m the heart failure of childhood This is the more 
remarkable since generalized edema in the child with cardiac disease 
IS not of exceedingly rare occurrence in a large service of children 
with heart disease 



Chart 1 — Generalized edema Digitalis (D) did not give results Elimination 
occurred following the administration of theobromine sodio-salicylate (E) A 
marked rise m temperature and nausea (Af) were observed 

1 have not been able to associate the type of edema with any definite 
lesion of the heart, as it has appeared during the course of most of the 

2 Resnik, William H , and Keefer, Chester S The Significance of Edema 
of the Face in Mvocardial Insufficiency, J A M A 85 1553 (Nov 14) 1925 

3 Cohen, klilton B Edema in Myocardial Insufficiencj^ Correspondence, 
J A M A 85 1829 (Dec 5) 1925 

4 Mackenzie, James Diseases of the Heart, ed 3, London, Oxford Uni- 
versity Press, 1918, p 307 

5 Miller, R The Medical Diseases of Children, Bristol, John Wright & 
Sons, 1911, p 374 

6 Crummer, Lero\ Clinical Features of Heart Disease, New York, Paul B 
Hoeber, 1925, p 24 
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Chart 2 — Generalized edema In spile of digitalis (D) carried to the point of 
block, elimination did not occur Following the administration of theobromine 
sodio-sahcylate (7) diuresis together with a rise in temperature and toxic symp- 
toms (N) appeared 



Chart 3 — Generalized edema Theobromine sodio-sahcjlate (7) produced 
elimination with a rise in temperature 
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clinical types commonly encountered in childhood There appeal s, how- 
ever, to be some definite relationship between geneiahzed type of edema 
and the recentness of the infectious invasion of the heart In other 
words, when the reseive of the chionically diseased heart has been 
encroached on and failure ensues, a dependent type of edema usually 
IS produced, while m the recently invaded heart, m which one feels there 
IS still active infection, a generalized edema is more likely to occur In 
either case, infection is an important factor, for I am convinced that 
cardiac failure in childhood is generally infectious in origin, though 
the active process may frequently be extracardiac It may be possible 
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Chart 4 — Generalized edema There was no response with digitalis {D) 
Theobromine sodio-salicylate (T) produced elimination with a rise in temperature, 
when omitted (To) edema and weight increased Elimination was reestablished 
with theobromine sodio-salicjdate (T) with toxic symptoms and a rise m tem- 
perature 


at some later date, after further observations have been made, to foimu- 
late a more definite relationship between the type of lesion of the heart 
and the type of edema revealed For the present, my observations lead 
me to think that it depends rather on the stage of the cardiac involve- 
ment, as to whether the infectious process is acute or chronic 

Further convincing evidence that two definite types of edema occur 
m heart failure in children is presented by the clinical courses of these 
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attacks It was noted that in the geneiahzed type, ^ollo^\lng the 
nnpioveinent of the condition of the heait, togethei with the ieabsorj> 
tion of the edema fluid, increased elimination and subsequent loss of 
weight, and toxic symptoms occuricd Foi the most pait these w^eic 
mild, consisting of headache, nausea and a use in temperatuie On two 
occasions they weie moderately seveie It w^as thought at first that 
these symptoms were possibly due to the theiapeutic measures resoited 
to in attempting to reestablish the heait and piompt elimination This 



Chart 5 — Generalized edema The administration of digitalis {D) after a 
long period did not give results Following the use of theobromine sodio-sahcjlate 
(T) elimination was established A rise in temperature, toxic sjmptoms and 
emesis (E) followed 


possibility has been dispioved by the observation that many other 
patients underwent the same treatment with equally large doses of 
the drugs employed and showed neither toxic symptoms nor a rise in 
temperature The marked elevation of temperature during and follow- 
ing elimination is a convincing obsert^ation and is easily demonstrated 
from charts (charts 1, 2, 3. 4 and 5) If the temperature had been 
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normal during the edematous stage, a rise was noted with elimination 
If the temperature had previously been elevated, it rose higher during 
diuresis This toxic phase of the clinical course was a constant obser- 
vation in the patients with generalized edema, while in those with the 
dependent type of edema it never occurred (charts 6, 7, 8, 9, 10, 11 
and 12) 

Furthermore, it was also found that each type responded to differ- 
ent therapeutic measures Digitalis was, of course, used in most of the 
cases In some of the patients seen recently it was used up to the 
point of digitalization This was done, not because of definite cardiac 



Chart 6 — Generalized edema Repeated use of digitalis {D) did not cause 
elimination A prompt response occurred with the administration of theobromine 
sodio-salicvlate (T) A rise in temperature appeared also 


need, but rather for control purposes to convince myself that digitalis 
alone was not always the necessary measure to produce diuresis 

It was demonstrated that in the dependent type of edema the use of 
digitalis was frequently sufficient to cause diuresis and that the addition 
of the simple diuretics did not hasten or even alter the course If their 
combined use had no effect, abdominal paracentesis and merbaphen oi 
organic mercury compound had to be used Elimination alone, how- 
ever, in these cases does not appear ever permanently to improve the 
condition The mercurial diuretics have given splendid results, but 
in children the temporar}' lessening of the cardiac burden as a result 


BACHMANN— CLINICAL TYPES OP EDEMA 


801 


of the enormous elimination produced is rarely sufficient to assist in 
recovery I am of the opinion that the reason for this is that the cause 
of the cardiac failure, infection, is not eliminated, and therefore the 
process again repeats itself 

In the generalized type of edema digitalis, regardless of the amount 
prescribed, did not shorten the clinical couise of the condition Theo- 
bromine sodio-sahcylate, however, acted almost as a specific Results 
weie obtainable in many of the patients with a geneiahzed type of 
edema with theobromine sodio-salicylate alone, digitalis not being indi- 
cated This therapeutic response has been so constant that it is now 
almost a mattei of routine, m the ward for patients with cardiac disease, 
to use theobromine sodio-sahcylate in the generalized type of cardiac 
edemas, while in the dependent type efforts are confined entirely to the 



Chart 7 — Cardiac edema The patient responded to increasing doses of 
digitalis {D) Neither toxic symptoms nor a rise m temperature occurred 

use of digitalis , if no response is noted, the stronger mercurial diuretics 
are eventually resorted to 

From a prognostic standpoint, the determination of the type of 
edema present has also been of value My observations have impressed 
me with the fact that edema of the dependent type carries with it a 
grave prognosis Of the cases reported, five of six patients died This, 
of course, is not attributed to the edema per se, but rather to the under- 
lying condition of the heart which, as has been mentioned, is usually 
chronic 

In the children with generalized edema the immediate prognosis is 
good Of the cases reported, only three of ten patients have since died 
Ultimately, other cardiac breaks may come with a recurrence of edema 
of either type, but in the second or even the third attacks of generalized 
edema the prognosis continues to be better than m the dependent t} pe 
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These patients readily lespond to treatment and, in spite of the toxic 
symptoms duimg the elimination peiiod, their recovery is usually prompt 
Other signs of failure, ho-wever, may continue after the disappearance 
of the edema, but these respond to the usual fonus of treatment 

COMMENT 

The obseivation that edema associated with heart failure may be 
generalized is not entirely new That it does occur in children, however, 
as a distinct entity, without a demonstrable pathologic disturbance of 
the kidneys, responding almost specifically to tieatment, producing a 
definite symptom-complex during diuresis and alfoi ding points of prog- 



Chart 8 — Cardiac edema There was no response to digitalis (Z)) until 
merbaphen (^N) was used Marked elimination and loss of weight resulted with- 
out toxic symptoms 

nostic import, has not been previousl)'' emphasized The fact that aside 
from the commonl}'' recognized dependent type of edema there does 
occur also this generalized type in the heart failure of childhood, and 
that each follows a separate and constant course, justifies the con- 
clusion that different factors are at work in each I do not presume to 
attempt to explain the mechanism involved, but certain hypotheses 
present themselves 

In the cases reported, actual lesions of the kidneys can be excluded 
Though var}ung amounts of albumin were present in many of the 
patients, this observation occurred as frequently in one group as in the 
other Casts were not found regularly in any case Likewise, the 
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chemical examinations of the blood m neithei gioup showed enough 
variation to warrant deductions There were five patients in vhoin tlie 
nonprotem nitrogen was above normal, two of whom liad pure)} 
dependent edema, while the other three weie among those pieseiitmg 
the generalized type Twice the uric acid was high, but here again the 
cases were divided equally between the two groups In all other respects, 
the chemical readings on the blood were normal 

That edema of the purely dependent type is piimaiil} mechanical 
in oiigin no one can deny It is sometimes puncturable in these 
children , yet the intradermal salt solution test of McClure and Aldrich,' 
as demonstrated by Olmsted,® in children with cardiac disease shows a 
decreased absorption time in the lower extremities, indicating some 


wc 



Chart 9 — Cardiac edema There was no response to digitalis (D) or theo- 
bromine sodio-salicylate (T) After two injections of merbaphen (AO elimination 
continued without toxic results 

affinity of the tissues for water In these conditions the sequence of 
stasis may occur with subsequent or coincidental change causing an 
increased demand for water on the part of the tissues, as suggested by 
Marriott ° and Fischei 

7 Aldrich, C A , and McClure, William The Intradermal Salt Solution 
Test, J A M A S2 1425 (May 3) 1924 

8 Olmsted, H C Intradermal Salt Solution Test m Cardiac Disease in 
Children, Arch Int Med 37 281 (Feb ) 1926 

9 Marriott, W M Intoxications Associated with Alterations in the Ph 3 Sio- 
Chemical Equilibria of the Body Cells and Fluids, Tr Am Pediat Soc 35 205, 
1923 

10 Fischer, J^I H Oedema and Nephritis, ed 3, New York John Wjej &. 
Sons, 1921, p 233 
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In the cases of generalized edema it does not seem probable that 
stasis IS an important factor This assumption is based on the fact that 
the edema is generalized Because of the generalized character it 
seems logical to conclude that the cause of the edema may be largely 
toxic The peculiar clinical course of generalized edema during 
reabsorption and elimination, which shows toxic symptoms and a rise 
in temperature, may be of significance If edema is a protective mecha- 
nism at times, or, m other words, an attempt by the body to dilute 
toxins, as suggested by Aldrich,^ the withdiawal of the diluent might 
concentrate the hypothetic toxins and account foi the symptoms 
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Chart 10 — Cardiac edema Digitalis to the point of heart block did not produce 
results Abdominal paracentesis (/4 P ) followed by the administration of 
merbaphen {N) and an organic mercury compound {S) established elimination 
which continued without toxic symptoms 

encountered here This sequence of events has so frequently repeated 
Itself during these observations that the hypothesis seems likely If 
generalized edema is a phase of the recently, and probably still actively, 
infected heart, it is suggested that this type of edema is not alone 
produced by impaired circulation, but primarily by the toxins resulting 
from the infectious process 

This contention is further substantiated by the results obtained m the 
case of generalized edema with the intradermal salt solution test of 
McClure and Aldnch " In the generalized type the absorption time was 
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about equal in both the leg and the aim d'lie time foi the leg was a 
tiifle faster, hut nevei by any gieat margin In dependent edema thcic 
was a difference of fiom twenty to thllt^ oi moie seconds, with the 
lapid leabsoiption always in the leg Since this test indicates the 
affinity of the tissues foi water, the lesults would suggest that m 
generalized edema this affinity is piesent to an almost equal dcgice 
tliioughout the body Such a condition of affairs must he explained on 
a toxic basis Vaquez^^ and otheis desciihes Symptoms of a toxic 
natuie following the reahsoiption of edema, hut did not mention the 
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Chart 11 — Cardiac edema Digitalis (D) alone produced elimination 


type of edema involved Vaquez concluded that these symptoms must 
be contributed to a “sort of conflict within the economy between the 
organic media and the substances contained in the edematous 
fluid 

Whatever maj he the coiiect answer to these purely theoretical 
queries, the fact still lemains that in children with heart failure these 
two types of edema occur, which can he considered definite clinical 

11 Vaquez, Henri Diseases of the Heart, Philadelphia, W B Saunders Com- 
pany, 1924, p 651 
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entities Also it is true that the recognition of these clinical types of 
edema is of clinical significance and importance The therapeutic mea- 
sures to be instituted are almost specific, depending on the type of 
edema present, and a correct observation considerably hastens the 
convalescence of the patient Likewise, the aid to prognosis is of value 
In the cases herein mentioned, dependent edema associated with heart 
failure in children has always been of serious moment, and only one 
of the patients has responded permanently to treatment There have 
been many others with dependent edema whose course terminated m 
death before sufficient diuresis occurred so that comparative charts 
could not be compiled for this study The prognosis of generalized 



Chart 12 — Cardiac edema Digitalis (Z?) alone produced elimination 


edema is always encouraging, provided there has not been peiicardial 
involvement, which in itself affords, peihaps, the most serious compli- 
cation in the heart of a child 

SUMMARY 

1 Edema in the child with cardiac disease manifests itself in two 
types the dependent or cardiac type and the generalized or “nephritic” 
type 

2 Response to treatment has shown a certain specificity which is of 
clinical value (ct) In the dependent type of edema digitalis is of value, 
while the addition of the milder diuretics aids little in hastening 
reabsorption and elimination If digitalis fails, then the stronger 
mercurial diuretics are necessary (b) In the generalized t 3 ^pe of edema. 
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theobromine sodio-salicylate acts almost as a specific and usuall}' without 
the aid of digitalis 

3 In the generalized type, there is a definite clinical picture pio- 
duced dm mg diuresis which is chaiactenzed by toxic symptoms such as 
headache, nausea and a rise in temperatuie In the dependent type of 
edema these symptoms nevei occui during diuiesis 

4 The type of lesion of the heait seems to influence little the kind 
of edema produced It appeals, however, that m the children whose 
histoiy of heait failure is of recent date and whose hearts are, perhaps, 
still acutely infected, the edema associated with failure is moie likely 
to be generalized Dependent edema occui s almost exclusively m the 
patients with more chronic heart disease 

5 The prognosis for the patient with generalized edema is good, at 
least as to the immediate futuie, while that of the patient with the 
dependent type of edema is relatively bad 

6 It IS suggested by the clinical observations of two types of edema 
seen m heart failuie in childhood that different factors are at work 
m each A few hypotheses have been discussed 

952 North Michigan Avenue 



PATHOLOGIC CHANGES IN AURICULAR FIBRILLA- 
TION AND IN ALLIED ARRHYTHMIAS 

WALLACE M YATER, MD 

WASHINGTON, D C 

From time to time during the past twenty years studies have been 
made to determine the existence of a specific lesion in aunculai fibrilla- 
tion, auricular flutter and paroxysmal tachycardia The experiments 
of Mines and of Garrey demonstrated the possibility of a circus wave 
of contraction in animal tissues, and those of Lewis showed definitely 
that circus morement is the mechanism of auricular fibrillation and 
flutter and possibly of paroxysmal tachycardia Previous to the time 
of these expeiiments, pathologists were prone to consider lesions m oi 
around the smo-auiicular and auriculoventncular nodes as of great 
importance m these arrhythmias, and especially m auricular fibrillation 
Recently, little m the way of microscopic study has been done m this 
field, but the consensus of opinion seems to be that there is no specific 
pathologic picture From the standpoint of the new physiology, no vis- 
ible organic disease is necessary, and the facts that auricular fibrillation 
and flutter may be paroxysmal and that the former may often be con- 
verted to normal sinus rhythm, no matter what the etiologic factor may 
be, by means of drugs which could not possibly alter structural disability 
are strong proofs foi the nonexistence of a specific organic causative 
lesion The present study has been made as an attempt to settle definitely, 
by microscopic methods, the question of a specific anatomic basis for 
these arrhythmias 

REVIEW or LITERATURE 

Most of the im estigations of this problem were reported during the 
years from 1909 to 1915 Schonberg,^ in 1909, carefully examined 
eleven hearts with perpetual arrhythmia, and Hedinger,^ m 1910, added 
nine cases to these All of these hearts showed changes in the regions 
of the mouths of the venae cavae and especially m the vicinity of 
IVenckebach s bundle These changes consisted of lymphocytic collec- 
tions, increase m fibrous connective tissue, or even atrophy and disap- 
pearance of the muscle fibers, with connective tissue replacement In 
the nen es and ganglions lymphocytic collections or cellular masses con- 

* Submitted for publication, Nov 23, 1928 

*Work done in the Division of Medicine and the Section on Pathologic 
Anatomy as a Fellow in The Majo Foundation, Rochester, Minn 

1 Schonberg, S Ueber Veranderungen im Sinusgebiet des Herzens bei 
chronischer Arrhjfhnne, Frankfurt Ztschr f Path 2 153, 1909 

2 Hedinger, Ernst Ueber Herzbefunde bei Arrhythmia perpetua, Frankfurt 
Ztschr f Path 5 296, 1910 
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sisting of spindle cells and Ijmphocytes often occurred The aunculo- 
ventriculai node was not usually imohed In other hearts ^^lthout the 
arrhythmia, these changes usually were not found Hedinger concluded 
that auricular fibrillation was probably due to lesions in the region of 
Wenckebach’s bundle and the inferior vena ca\ a 

In 1910, Koch“ studied three hearts in which fibrillation had 
occurred He also found inflammator) changes in the region of the 
orifices of the venae cavae in all and in\ol\ement of the nerves and 
ganglions in two There were some changes in the smo-auricular node 
in all three In one case, marked interstitial edema m this region and 
swelling of the muscle fibers were notfed Koch did not come to any 
definite conclusion regarding the cause of auricular fibrillation from this 
study, but in a later work he remarked that it is less the inflammator}' 
infiltration of the sino-auncular node than the transcendency of a ne^\ 
center of auricular impulse and exhaustion of the normal center by o\er- 
extension which is most important 

Draper,'* in 1911, and Cohn,^ in 1911, each reported the study of a 
case of auncular fibrillation in which there were severe pathologic 
changes in the smo-auricular node and other alterations elsewhere in the 
heart, but without marked lesions of the conduction system In Cohn’s 
case there vas interstitial m}ocarditis, especiall} m the right auricle 

Freund,® m 1912, found changes such as sclerosis and l}mphocytic 
infiltration in the sino-auncular node in three of five cases of auricular 
fibrillation In four of the cases sclerosis of the auriculoventncular 
bundle occurred, and lymphocytic infiltration in two In the fifth case 
there were no changes Freund assumed that the irregular ventricular 
activity was due to impairment of conduction through a diseased auric- 
uloventricular bundle, and that the only difference between heart block 
and auricular fibrillation was the failuie of auricular actniU in the 
latter 

Falconer and Dean," in 1911, and Cohn and Le^\ls,® in 1912, each 
reported a case which showed sufficient destruction of the bundle of His 

3 Koch, Walter Zur pathologischen Anatomie der Rhythmusstorungen des 
Herzens, Berl klin Wchnschr 1 1108, 1910 

4 Draper, G Pulsus Irregularis Perpetuus with Fibrosis of the Sinus Node, 
Heart 3 13, 1911 

5 Cohn, A E A Case of Brad\cardia \Mth Post-^Iortem Examination, 
Heart 3 23,’ 1911 

6 Freund, H A Klinische und pathologisch-anatomische Untersuchungen 
uber Arhytbmia perpetua, Deutsches Arch f klin Med 106 1, 1912 

7 Falconer, A W, and Dean, George Observations on a Case of Heart 
Block Associated with Intermittent Attacks of Auricular Fibrillation, Heart 3* 
247, 1911 

8 Cohn, A E , and Lewis, Thomas Auricular Fibrillation and Complete 
Heart Block, A Description of a Case of Adams-Stokes’ S>ndrome, including the 
Post-^Iortem Examination, Heart 4 15, 1912 
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to account for the chionic heart block which had existed In the fiist 
case there also had been attacks of auricular fibrillation, and in the latter 
this arrhythmia had developed There was no change in the sino- 
auricular node in the one, but marked sclerosis of the node in the other 
There was, however, an increase of fibrous tissue in the right auricle in 
both instances A similar case of Angyan,® in 1913, with complete 
aunculoventricular dissociation and subsequent development of auricular 
fibrillation showed complete division of the bundle of His by fibrous and 
fatty tissue and severe sclerosis of the sino-auricular node Falconer 
and Dean,^° m 1912, reported another case in which chronic auricular 
fibi illation had been complicated by occasional attacks of incomplete 
heart block In addition to various valvular and muscular lesions there 
was extensive fibrosis and cellular infiltration of the aunculoventricular 
node and bundle and cellular infiltration of the sino-atincular node 

In 1912, Price and Mackenzie reported a case of diphtheria with 
aurictiloventricular dissociation and auricular fibrillation in which there 
was extreme degeneration and cellular infiltration of the cardiac muscle 
but no changes in the sino-auricular node or conduction system Hume,’^® 
in 1913, studied a case of diphtheiia with auricular fibrillation and found 
the sino-auncular node infiltrated with numerous mononuclear cells of 
the “formative type” and the specific fibers undergoing granular 
degeneration 

In 1913, Berger reported a study of three cases of auricular fibrilla- 
tion In one the smo-auiicular node was completely destroyed, and in 
the other two the specific s}stem was not affected He considered the 
fibrillation in the first case due to destiuction of the node and in the 
othei ti\o, to dilatation of the right auricle 

Cohn,^^ in 1913, m a study of three cases of auricular fibrillation in 
horses, found the sino-aunculai node and conduction system intact in all 

In 1913, Cohn and Heard found changes in the specific nodes and 
the bundle of His in one case of auriculai fibrillation but doubted any 
direct connection between the anatomic and clinical observations 

9 Angjan Kammerautomatie und Vorhofliminern, Virchows Arch f path 
Anat 213 170, 1913 

10 Falconer, A W , and Dean, George Observations on a Case of Auricular 
Fibrillation with Slow Ventricular Action, Heart 4 87, 1912 

11 Price, F W, and Mackenzie, Ivj' Auricular Fibrillation and Heart Block 
III Diphtheria, Heart 3 233, 1911-1912 

12 Hume, V E A PoK graphic Study of Four Cases of Diphtheria, Heart 
5 25, 1913 

13 Berger Anatomische Untersuchungen des Herzens bei Pulsus irregularis 
perpetuus, Deutsches Arch f klin Med 112 287, 1913 

14 Cohn, A E The Post-mortem Examination of Horses’ Hearts from 
Cases of Auricular Fibrillation, Heart 4 221, 1913 

15 Cohn, A E , and Heard, J D A Case of Auricular Fibrillation, with 
a Postmortem Examination, Arch Int Med 11 630 (June) 1913 
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Sutherland and Coombs/® in 1913, in a case of acute rheumatic 
carditis, disco\ ered the sino-auricular node to be more strong'lj' attacked 
b} focal rheumatic mj ocarditis than the surrounding’ auricular muscle, 
and the conduction s} stem showed diffuse infiltration 

In 1914, Romeis reported three cases of auricular fibrillation in 

which serere sclerosis of the smo-auricular node ^^as sho\Mi, but the 

aunculo\entricular conduction s}stem uas intact in ti\o 

In 1914, Jaiisch^® reported eight cases of auricular fibrillation in 

only two of uhich the sino-auncular node uas intact In all of the 

others there were moderate or severe changes in this node, and in all 
but two there were lesions in the conduction S) stem Jarisch concluded 
that there is, however, no specific pathologic condition in auricular 
fibrillation He considered that the arrh} thmia was a result of exhaus- 
tion of the smo-auncular node, incoordination between the activity of 
the smo-auncular and auriculoi entricular nodes, the disturbing influence 
of impulse formation in other places and the supremacy of vagus influ- 
ence uhen the activity of the smo-auncular node is depressed 

Hochhaus and Dreesen,^® in 1915, found increase in connective tissue 
and cellular infiltration of the smo-auncular node in a case of auricular 
fibnllation, but Thorel,-® in 1915, could not find pathologic changes in 
the nght auricle or the specific nodes in a heart that he examined 

Wilkinson and Butterfield,-^ in 1915, in a case of paroxismal heart 
block and auricular fibrillation, noted collections of small l3mphocytes 
and vascular changes in the aunculoventncular node and bundle and an 
increase in fibrous tissue in the right auricle but no lesions in the smo- 
auncular node 

In 1922, Fl^f^strup-- studied nine cases of auricular fibnllation and 
six control cases with special reference to the microscopic changes in the 
smo-auncular node, the auricles and the ner\es and ganglions near the 
node In a few of the cases of auiicular fibnllation, he found both fatt} 

16 Sutherland, G A , and Coombs, C T A Case of Acute Rheumatic 
Carditis and Auricular Fibrillation in a Child, Heart 5 15 191o 

17 Romeis, B Beitrage zur Arluthnna perpetua Deutsches Arch f khn 
:Med 114 580, 1914 

18 Jarisch Adolf Zur pathologischen Anatomic des Pulsus irregularis per- 
petuus, Deutsches Arch f klin Med 115 331 1914 

39 Hochliaus and Dreesen "V orhommen und Bedeutung r on anatomischen 
Veranderungen des Herzmuskels bei Herzschwache, Festschr d Akad f prakt 
med zu Coin, 1915, p 384 

20 Thorel, C Pathologic der Kreislautorgane des Menschen I Anatomic 
des Herzens, Ergebn d allg Path u path Anat 1/.90, 191o 

21 Wilkinson, K D , and Butterfield, H G Paroxysmal Heart Block vith 
Paroxjsmal Auricular Fibrillation, Heart 6 o 1915-1917 

22 Fldistrup G Stuaies on the Pathogenesis of Auricular Fibnllafaon Acta 

med Scandina\ 56 12 1922 
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infiltration and fibrosis of tho sino-auncular node , in one there was 
lymphocytic infiltration of the node, in a few, only some fatty infiltration 
of the node The control cases usually showed similar conditions After 
reviewing these cases, together with nineteen from the literature, he con- 
cluded that the cause of auricular fibrillation is not to be found in alteia- 
tions in the smo-auricular node, in changes in the auricular myocardium, 
in dilatation of the auricles or in anatomic changes in the nerves He 
argued that since quimdme caused cessation of the arrhythmia by its 
depressant effect on muscular activity, the fibrillation might be due to 
overexcitability of the auriculai myocardium due to its working against 
an absolutely or relatively inci eased resistance He believed that nervous 
influences might be of greatest impoitance m cases of paroxysmal 
fibrillation 

Monckeberg,^^ m 1924, after reviewing the literature on the micro- 
scopic researches in auriculai fibrillation, concluded that the arrhythmia 
IS not dependent on disease of the sino-auricular node oi on phenomena 
of interference between this node and the auriculoventncular node He 
believed that the activity of the sino-auncular node not only is not 
depressed in auricular fibrillation but takes part even in the production 
of the stimuli leading to the fibrillation To him Lewis’ explanation 
of the arrhythmia precluded the necessity of anatomic changes either in 
the specific system oi in the myocardium 

In 1925, Frothmgham examined the auricles in eleven cases of 
acute and chionic auricular fibrillation and in twenty-thiee cases in 
which death occurred fiom acute or chronic disease but in which the 
heait action was regular He did not find a gross lesion to be constant 
or essential, nor did he find definite or specific microscopic lesions in the 
smo-auiicular node in cases of auricular fibrillation He called atten- 
tion to a certain appearance of the auricular muscle fibers in nine of the 
eleven cases of auricular fibrillation, and in four of the fifteen controls, 
which he was unable to decide had any significance for the fibrillation 
Throughout the auricles there was edema of the muscle fibers with 
vacuolization and slight changes in the staining reaction suggestive of 
degeneration in these cases In the more advanced form the vacuoliza- 
tion increased, the striations in the fibers disappeared in part and the 
changes in staining reaction were moie marked The nuclei of the 
fibers shoved little if any change, and the disturbance in the fiber did 

23 Monckeberg, J G Herz, in Henke, F and Lubarscb, O Handbuch der 
speziellen pathologischen Anatomic und Histologic, vol 2, Berlin Tubus Snringer, 

1924, p 512 , j V 5 , 

24 Lewis, Thomas The Mechanism and Graphic Registration of the Heart 
Beat, ed 3, London, Shaw &. Sons, 1925 

25 Frothmgham, C The Auricles in Cases of Auricular Fibrillation, Arch 
Int Med 36 437 (Sept ) 1925 
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not necesstinh extend o\er its length There was little it an\ cellular 
reaction in the supportne connectiie tis'^ue framework Marked inter- 
stitial edema sometimes occurred hut it aho was found m the contiol 
cases at times 

In 1928 Condorelli reported an unusual case of auricular tiiinlla- 
tion with nodal ilnthm of a frequenc\ of 97 Extensne and highh 
infiammatoi} lesions of the subepicardial neiwe plexus of the nght 
auricle were present without other important lesions elsewhere in the 
heart tissue 

The literature contains the reports of onK a few cases of auricular 
flutter m which a careful stud\ of the heart was made Ritchie-' in 
1914 m a leMew of cases ot aunculai flutter recorded the results in 
SIX necropsies In one the auriculccentncular bundle was fibrous In 
another there was acute pericarditis implicating the sino-auricular node 
and the abundant ner\e elements in its MciniU One heart showed 
diftuse intertascicular fibiosis in the thin dilated nght auricle and slight 
hanphoc\tic infiltration in some parts of the conduction bundle The 

specific scstera was normal in a fourth heart and there was slight 

fibrosis ot the muscle A case ot diphtheria presented fatt> degenera- 
tion of auncles and \entncles and pronounced interstitial miocarditis 
of the \ entncles the aunculot eiitriculai node and bundle w ere health} 
Another case of diphtheria showed infiltration of the ';ino-auriculai node 
with mononuclear cells of ' fonnatue t\pe and engoiged capillaries and 
hemorrhages the muscle fibers of the node were m a state of granular 
degeneration Sutherland,-^ in 1914 and Xeiihof in 1915 each 

reported a case wuthout am specific changes 

The literature on studies of cases of parox}smal tach}cardia is also 
meager \'aquez in 1909 and Cade and Rebattu in 1911 each 

lecoided a case with changes in the bundle of His and Falconer and 
Duncan"- in 1912 a case of ‘syphilitic myocarditis yyith endartentis 
in yyhich the smo-aiincular node and conduction system y\ere affected 

26 Condorelli Liiigi Sull importanza delle le'^iom infianiniatorie del ple^^o 
sottoepicardico dell orecclnetta destra nella patogenesi di alcune turbe del ritimo 
cardiaco Riiornia med 44 613 1928 

27 Ritcliie W T Auricular Flutter New York Paul B Hoeber 1914 

28 Sutherland G A Auricular Flutter m Acute Rheumatic Carditis, Proc 
Roy Soc ^led 7*133 1914 

29 Xeuhof Selian Auricular Flutter Acconipaming Acute Endopericarditis, 
Rec. 88 995 1915 

30 Vaquez H Pathogenie de la tacln cardie paroxystique Arch d mal du 
coeur 2 609 1909 

31 Cade A and Rebattu T Tacln cardie paroxystique et lesions du faisceau 
de His Bull et mem Soc med d hop de Pans 31.476 1911 

32 Falconer. A W and Duncan G Obseryations on a Case of Paroxys- 
mal Tachycardia ot Auricular Tj-pe Heart 3 133 1912 
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A case reported by Falconei and Dean, in 1912, levealed ihenmatic 
nodules with infiltiation of the memhianous septum and middle third of 
the crus communis in a case of this arrhythmia In 1914, Buttei field and 
Hunt^^ leported a case m which there weie changes m the wall of the 
auricle and sino-auncular node Monckeberg concluded that these 
changes weie not consistent enough to account for the aiihythmia, since 
analogous observations have been made in the specific muscle system 
without clinical evidence of eithei a shunting out of the smo-auiiculai 
node 01 an inci eased automatic activity of the aui iculoventi iculai node, 
which the observations m these cases weie supposed to indicate 

ANALYSIS OF CASES 

A series of 145 cases of aunculai fibi illation, seven cases of auiicular 
fluttei and two cases of paioxjsmal tachycardia, all with neciopsies, was 
studied The cases included piactically all of the patients with these 
anhythmias on whom neciopsies weie peifoimed at The Mayo Clinic 
within the last few yeais, they weie not a selected gioup One begins 
to lealize that the subject of caidiac disease cannot he discussed apait 
fiom the clinical couise, because so few specific lesions are demonstiated 
This entile senes was investigated, theiefoie, to deteimine the clinico- 
pathologic basis of the airhythmia, and from the thiee gioups of 
aiihvthmias, hearts weie selected foi micioscopic study with leference 
to then classification on such a basis In all hut a few of the cases the 
aiihythmia had been confirmed by the electi ocai diogi am , m the few 
exceptions, theie was no leasonable doubt legaiding the type of 
arih}thmia As fai as consideiation of the clinical investigation com- 
bined with the necropsy examination would permit, the gioupmg of the 
cases was detei mined as follows 

Atii iculaj F'lbnllatwu (145 Coses ) — Endocarditis (Twenty-Eight 
Cases) In eleven of these cases theie was a definite histoi}" of iheu- 
matic fevei The lesions were distributed as follows 

Theie weie fourteen cases of initial stenosis In thiiteen of these 
the fibrillation was appaiently chronic, in one, it was a teimmal CA^ent 
Theie weie six men and eight women The youngest patient was 28 
}eais of age, the oldest 72, and the average age was 43 

Theie weie nine cases of combined mitral and aortic endocaiditis, in 
all of vhich the fibrillation was assumed to be chronic There weie foui 
men and five women The youngest patient was 31 yeais of age, the 
oldest 54, and the aveiage age was 42 

There were three cases of aortic stenosis with calcification of the 
aoitic valve All weie apparently cases of chionic fibi illation, and all 
patients A\eie men Two were 62 yeais of age and one was 64 

33 Butterfield, H G , and Hunt, G H Observations on Paroxysmal Taclw- 
cardia, Quart J Med 7 209, 1914 
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Theie weie two cases of subacute mitial endocaiditis One ^^as 
iheumatic, the othei bacteiial in oiigin The patients weie both men, 
21 yeais of age, who had chionic fibi illation Most of the heaits in this 
gioup showed model ate hypeitiophy, in a few it was extieme 

Exophthalmic Goitei (Thiity-Six Cases) The fibrillation was tei- 
mmal m one case and piesumahly chionic m the othei s Theie weie 
eleven men and twent 3 '^-five women The youngest patient was 26 yeais 
of age, the oldest 68, and the aveiage age was 45 In geneial, these 
heaits weie onl}'^ mildly oi model ately hypei ti opined 

Adenomatous Goitei with Hypei thyioidism (Twent} -Seven Cases) 
In thiee of these, the fihi illation was piactically teimmal, occuiiing foi 
only a few days hefoie death, in the othei s it was supposedl} chionic 
The diagnosis m one of these cases was questionable so fai as the etiol- 
ogy of the cardiac condition was concerned, because the lieait was so 
hugely hypei ti opined (weight 848 Gm ) As a rule, these heaits weie 
onl} model ately h)^perti opined Five of the patients weie men and 
twenty-two weie women The youngest was 47 yeais of age, the oldest 
79, and the aveiage age was 59 These patients weie, theiefoie, con- 
sideiahly oldei than those with exophthalmic goitei 

Hypei tension (Eleven Cases) In these eleven cases, hypei tension 
was without doubt the cause of the caidiac failuie In tlnee othei cases, 
h} pel tension was assumed to be the cause of the caidiac condition 
because of the gieat hypeitiophy and the absence of any othei etiologic 
factoi, hut at the time of examination the blood piessuies weie normal 
Of the eleven leasonahly ceitain cases theie weie six men and five 
vomen The youngest patient was 42 yeais of age, the oldest 70, and 
the aveiage age was 56 The age incidence, therefoie, was similai to 
that of the patients with adenomatous goitei Of the thiee patients 
whose caidiac condition piesumahly was caused by hypei tension, two 
were men and one was a woman, the ages were 54, 63 and 61, lespec- 
tively In all, the fihi illation appaiently was chionic As a lule, these 
heaits showed little coionaiy scleiosis, but all weie consideiahly hypei - 
ti ophied 

Coionaiy Scleiosis (Foui Cases) Theie weie thiee men and one 
woman whose ages weie 81, 70, 76 and 72, lespectively Thiee of these 
heaits weie moderately hypei ti ophied, and the patients also had hypei - 
tension The othei heait presumably was of noimal size, hut the patient 
had hypei tension These were all supposedly cases of chionic fihi illation 

Chronic Adhesive Peiicaiditis (Two Cases) These weie piesuma- 
bly of iheumatic oiigin One patient was a man, aged 57, the other a 
woman, aged 70 One heait weighed 675 Gm , the othei 495 Gm In 
both cases, the fihi illation was chronic 
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Syphilis (One Case) This patient was a woman, aged 35, with 
S 3 'phihtic aoititis and aoitic endocaiditis The fibi illation appaiently 
^^as chionic 

Combined Conditions (Twelve Cases) In foiii cases both adeno- 
matous goiter with hypeithyioidism and hypertension occurred In 
thiee cases both hypei tension and coionaiy scleiosis weie present, and 
because of the degiee of hypei tiophy the hypei tension was assumed to 
be the piimaiy factoi In two cases the patients had both hypertension 
and endocaiditis In one case theie was adenomatous goiter with hyper- 
thyroidism and chionic adhesive peiicaiditis , in anothei, exophthalmic 
goiter and hypei tension , in a thud, exophthalmic goitei and coionary 
sclerosis In the last, the fibi illation was teiminal, but in all the others 
it piesumably was chronic 

Absence of Any Related Disease (Thu teen Cases) In these cases 
the fibi illation was supposedly chionic but an etiologic factor could not 
be deduced, and the heaits weie, as a lule, slightly hypei ti ophied Theie 
was a histoiy of iheumatic fevei in one case Nine patients weie men 
and four women The youngest patient was 40 years of age, the oldest 
75, and the average age was 54 

Terminal Auiicular Fibi illation (Eleven Cases) In most of these 
cases death followed a majoi opeiation, and the fibi illation existed foi 
only a few days before death The heaits weie not appieciably enlaiged 
Theie weie eight men and thiee women The joungest was 29 years of 
age, the oldest 88, and the average age was 64 

Awiculai Flnttei — Theie weie seven cases of auiiculai fluttei 
Mitial stenosis existed in one case, adenomatous goitei with hypei thy- 
1 oidism in one , hypertension m one, and adenomatous goitei with h^^per- 
thjioidism and hypertension in one In two cases a i elated disease 
could not be detei mined, and m one case the patient had an abscess of 
the lung and ciiihosis of the liver In one case the flutter had occuired 
paioxysmally for a yeai, and in the otheis it was continuous 

Pa) oiysinal Tacky cm dta — Theie weie only two cases of this 
aiihythmia One patient was a man, aged 78, who died from pyelo- 
nephiitis and bronchopneumonia four days aftei excision by cautery 
of an epithelioma of the base of the bladdei He had had paioxysmal 
tachycardia foi twenty years The heait weighed 465 Gm and was 
apparently normal except foi one terminal vegetation on the mitral 
valve The other patient was a woman, aged 27, whose myocardium 
was the seat of extensive fibiosis This was such an unusual case that 
it will be used as the basis of a separate repoit 

MICROSCOPIC CHANGES 

Twent 5 '^-nme of these hearts weie selected for special histologic 
examination Twenty-six weie fiom cases of auriculai fibrillation Of 
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these, theie weie eight cases of eiidocaichtis, six of goitei, six of hypei- 
tension, two of coioiiai} scleiosis, one case of chionic adhesive peii- 
caiditis, one of syphilis and two cases of teiminal aiiiiculai fibi illation 
without assignable explanation Of the othei thiee, theie weie two 
cases of auiiculai fliittei and one case of paioxysmal tachycaidia As 
contiols, thiit}-five supposedly noiinal lieaits also weie studied 

The following loutinc nicthocl of studj^ was adopted A block of tissue about 
2 5 by 1 cm , was taken longitudinally along the edge of the crista ternnnahs 
nist below the orifice of the supciior vena cava A thiead was tied thiough the 
end nearest the vena cava and the sections were cut tiansvcrsely fioiii this end 
at intcivals of 1 mm This block contained the sino-aunculai node A second 
block of tissue was excised fiom the septiinis of the heart, including part of the 
mterauricular, aui iculoventi iculai and interventi iculai sepUims This block con- 
lamed tbe am iculoventi iculai node and bundle and the first poitions of the light 
and left bundle blanches It was divided into two equal pieces by a vcitical 
incision, and a thread was sewed into the right end of each portion Sections 
weie taken for micioscopic studv at intenals of 1 mm tiansveisely through the 
two pieces , the ends through which the thread was sewed wei e used as the tops 
of the blocks In this way, a scries of sections was made tiansvcrsely thiough 
the am iculoventi iculai node and bundle and obliquelv thiough the bundle blanches 

Iwo othci blocks were removed fiom the inteiventi iculai septum, one on 
each side, transveiseh through the regions containing the mam right and left 
bundle branches These were cut transveiselv, so that the Puikmjc fibeis of the 
bundle branches wcic seen m cross-section 

In addition, other blocks of tissue were lemovcd fiom vaiious parts of the 
heart, one from the wall of the right aiiiiclc posteiiorlv neai the light icntricle, 
one from the left aiiiicle postciioily neai the left vcntiicle, one fiom the wall 
of the right icntnclc postciioily neai its middle and one fiom the left ventricle 
postenoily near its base 

All of the blocks of tissue weie fixed m a 10 pci cent solution ot foimaldehvde 
and embedded m celloidin The microscopic sections were cut 8 micions thick, 
all weie stained witli can Gicson’s piciofiichsin stain and many with hematoxylin 
and cosin In eight supposedly noimal hcaits and in'thntcen of the hcaits showing 
pathologic changes sections of the right auiiclc m the legion of the smo-aunculai 
node containing neiie cells oi ganglions, were stained with thionm 

Also fio 7 en sections of the intci auriculai septum and the left lentiicle of 
all of the hcaits weie stained with schailach R to determine the microscopically 
visible fat content of the muscle fibers 

Nojiiial Hcaifs (Cou{}oh ) — The ihiity-five supposedh noimal 
hcaits weic studied m a similai mannei especiall} with lefeiencc to the 
histology and anatom) of the smo-aui icnlai node, conduction s)stem 
and aiiiicles The histologic and anatomic stiuctuie of the smo-aui iculai 
node and conduction s)stcm. as desciibed by Keith, His, Tawaia, 
dc Witt and othei s, was conliimed The sino-aui iculai node (Keith- 
Flack) was found to be a lelatively long, flat bundle of inteilacmg, thin 
fibeis in a gioundwoik of connective tissue, situated subepicaidiallv, just 
below the mouth of the supeiioi vena cava with its longitudinal axis in 
the sulcus teimmahs Its ci oss-section is fusifoim oi loughly tiiangu- 
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lai in shape and down its middle inns the fanly laige aitery of the node 
(fig 1) Theie aie also a numbei of arterioles m its substance, nerves 
and nerve ganglions aie found subepicai dially in its vicinity, and often 
neives are seen at its edge In only two instances of all hearts exam- 
ined, howevei, was a definite nerve cell seen in the substance of the node 
Stained with van Gieson’s piciofuchsm, the node is easily identified by 
Its compactness, led coloi due to the large amount of connective tissue, 
and the centrally placed aiteiy In good sections, the cioss-stiiations of 



Fig 1 — Cross-section of the sino-auncular node, jii (X40) cp, epicardium, 
a, artery of the node, am, auricular muscle 


the individual pai enchymatous fibeis may be seen In many cases, how- 
evei, the detail of the individual fibers cannot be ascertained Also the 
amount of connective tissue noimally present varies within certain limits 
The auiicular muscle fibeis of the ciista teiminalis often he close to the 
node, and occasionally muscle fibeis are seen i tinning along its edge 
Adipose connective tissue separates the node fiom the epicardium The 
auiiculot entriculai node (Tawara) lies close to the light side of the 
posteiior poition of the central fibrous body, that is, m the right auiicle 
a shoit distance anteiioi to the oiifice of the coronary sinus and just 
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above the attachment of the medial or septal cusp of the tricuspid valve 
A lelativel}- large aiteiy lies in its substance (fig 2) This node is not 
so compact as the sino-auiiculai node and contains somewhat less con- 
nective tissue It is flattened out against the cential fibious body, and 
at its edges the fibei s ai e loosei and pass down some distance towai d the 
base of the tiicuspid valve Its fibeis aie slightly thickei than those of 
the sino-auiicular node, and the cioss-stiiations are more fiequently 
visible The fibeis aie ai ranged in whoils The aiteiy of this node 
finally lea\es it and passes through the cential fibious body and down 
into the musculatuie of the ventiiculai septum The node also invades 



Fig 2 — The aunculoventncular node, avti, in cross-section, lying against 
the central fibrous body, cfb (X,20) The artery to the node has divided into 
two branches 

the cential fibrous body and meiges into the aunculoventncular bundle 
(Kent, His), which luiis obliquely downward m the substance of the 
cential fibious body and membranous septum at the base of these stiuc- 
tuies and is sepaiated by a little of the fibious tissue fiom the mter- 
ventiicular musculai septum (figs 3 and 4) The fibeis are larger than 
those of the auriculoventriculai node and luii in paiallel bundles They 
lesemble moie the ventiiculai muscle fibeis but do not contain so much 
myoplasm The connective tissue fiamewoik is delicate, and there is 
no mam aiteiy but a number of aiteiioles and venules On cioss- 
section the bundle is loughly tiiangulai, with blunt corners, and the apex 
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IS towaid the auiicular poition of the heart Often a fan amount of 
adipose connective tissue is present The bundle runs for about fiom 
1 to 1 2 cm and divides into its right and left blanches (fig 5) The 
light branch appears to be a continuation of the bundle and passes down- 
ward beneath the juncture of the medial and anteiior cusps of the tri- 
cuspid valve as a white, threadlike oi neivehke piocess a shoit distance 
beneath the endocaidium and not distinctly separated from the surround- 
ing heart muscle (figs 6 and 7) This bianch is often difficult to lecog- 



Fig 3 — The beginning of the bundle of His, avb, in cross-section, as it 
lies in the edge of the membranous portion of the interventricular septum, in s 
(X20) 

mze mici oscopically m the human heait, m fact, I have had moie success 
111 gloss dissections than in the histologic examination of this branch 
The fibeis closely resemble the muscle fibeis The right blanch passes 
direct!} along the trabeculum, which coi responds to the moderatoi band 
of the calf heait, to the anterior papillary muscle of the light ventricle 
In the cross-sections of the auriculoventiiculai bundle its oiigin is often 
difficult to recognize unless seiial sections are made, because it is so small 
and IS cut obliquely in the routine method employed The left bianch 
IS gn en oft at the same point, but it flattens out immediately under the 
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endocaidmni of the left ventiicle just below the aoita, so in the method 
employed in this study it is always seen, and is piesent in all of the 
sections be}ond the point wheie the bianch begins (fig 8) The pait 
of the main bundle fioni which the two blanches have then oiigin is 
known as the cius communis and is tiiangulai on cioss-section, the two 
infeiioi angles lepiesenting the points of origin of the bundles The 
oiigin of the light hiaiich, when seen, passes out superficially thiough 
the ventiiculai muscle, but the oiigin of the left is even closei to the 



Fig 4 — The bundle of His, avb, in cross-section farther along than in 
figure 3, lying in the membranous portion of the interventricular septum, ms 
(X20), muscular portion of interventricular septum 

endocaidmni, the Puikmje fibeis aie diiectly beneath the endocardium 
and usuall} aie distinctly sepaiated fiom the heait muscle The Puikinje 
fibeis aie bioadci and palei than the muscle fibeis and anastomose some- 
what less piofusely (fig 9) The cioss-stiiations are usually not so 
distinctly seen as in the ventiiculai muscle, and the myofibiils are more 
piomment On ci oss-section the Puikmje fibeis aie laiger and paler, 
but aie similai to the muscle fibeis (fig 10) 
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The auricular muscle fibeis are moie wavy, less compact and less 
anastomotic than the ventiiculai muscle fibeis These fibers aie also 
usually palei , their myofibiils (the longitudinal lines) aie often promi- 
nent, the cross-striations may be faint, aie sometimes invisible, and 
often when seen are bioken and moie piomment at the edge of the fibeis 
The nuclei aie often distorted The auricles contain consideiable sub 
epical dial adipose connective tissue, and in fixation appaiently theie is 
more shrinkage and distoition of the sections of the auiicle on this 



FiS 5 — The crus communis, cc , in cross-section, with the origin of the left 
bundle branch, lb , and the right bundle branch, i h (X 20) 

account The epicaidium itself is usually thin The endocardium of 
the amides is thick Adipose connective tissue is not piesent between 
the muscle fibeis and the endocardium Often theie aie a few small 
tymphocytes in the epicardium Often the aunculai muscle fibeis appeal 
to be swollen, m which case they aie pale and may contain a laige central 
space appaiently devoid of cytoplasm in which the nucleus lies Froth- 
mgham called attention to this and noted that such appeal ances weie also 
present in some normal lieaits This is undoubtedly true and these 
phenomena can, theiefoie, be exonerated as playing a lole in the mech- 
anism of arrlnthmia 
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The histology of the ventiicles is bettei known because routine sec- 
tions fiom them are nioie fiequentl) studied The sections are ahvajs 
moie satisfactoiy than those of the auricles, perhaps because one pie- 
supposes that the sections of the auiicle should appeal like those of the 
ventricle The muscle fibeis aie daikei and more compact, with indis- 
tinct m}ofibiils, but usually theie aie sharp and legulai cioss-striations 
vhen A'lewed with subdued light The nuclei usually aie not distorted 
The endocaidium of the ventiicles is lathei thin, as opposed to the thick 



Fig 6 — A little farther along than figure 5, showing the origins of the 
bundle branches more clearb (X20) 

endocaidium of the auiicles The indnidual Purkmje fibeis cannot 
usually be lecogmzed 

Endocai ditis — The gioup of heaits in vhich fibi illation occuired m 
life comprises eight cases of endocaiditis and one case of adhesive peii- 
caiditis, the latter is consideied m this gioup because of the supposedly 
similai etiology There weie thiee cases of initial stenosis, one case 
of aortic stenosis with slight involvement of the mitral valve, three cases 
of combined initial and aoitic stenosis, one case of subacute rheumatic 
initial endocaiditis and the one case of cliiomc adhesive peiicarditis 
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Four patients weie men and foni women All were less than 46 yeais 
of age except the patient with aortic stenosis who was a man, 54, with 
calcification of the aoitic valve and the patient with chionic adhesive 
pericarditis who was a man, aged 57 Six patients died of caidiac 
decompensation diiectly, one of ceiebral embolism complicating decom- 
pensation and one of mesenteric thrombosis The duration of the 
auriculcu fibi illation could not be ascei tamed definitely m aii}^ case This 
group, as a whole, showed more definite lesions than any of the other 



Fig 7 — A short distance farther along than figure 6, showing that the bundle 
of His dnides into the t\\o bundle branches, lb and 7 b (X20) 

groups In the smo-aunculai node the only features of note weie an 
apparent slight mciease in connectwe tissue in one case and a model ate 
increase in anothei In foui theie weie small foci of connective tissue 
In one case there were a feiv small l 3 miphoc}tes scattered through the 
node, and in anothei some small foci of lymphoc 3 tes In one case the 
nodal fibers were separated more than usual, in one the 3 '^ Aveie less inter- 
lacing and in another there appeared to be a diminution in the number 
of fibers The detail of the induidual fibers w^as not good m four cases 
There was congestion of the node m one instance The epicardium in 
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the legion of the node contained small lymphocytes in fom cases, in 
two they weie few in numbei , m another they weie scatteied thiough- 
out, and m the fouith they weie numeious and collected mainly about 
blood vessels Aschoff-like bodies weie piesent in the epical dium and 
also in the myocaidium of the light auiicle in only one case, that of a 
young man, aged 21 , with subacute initial endocaiditis whose caidiac 
symptoms weie of nine months’ duiation, although he had had iheumatic 
fevei nine yeais befoie The epicaidium was thickened m one case. 



Fig 8 — A short distance farthei along than figure 7 The light bundle 
branch is no longer seen, but the left bundle bianch, lb, being broad and flat, 
IS still present in the section (X20) 

and epical dial adhesions occuiied m the case of adhesive peiicaiditis 
In thiee cases theie weie small lymphocytes in the subepicaidial connec- 
tive tissue, but they weie piesent m laige numbei s in only one case 
Subepicaidial hemoiihages weie noted in two cases The muscle fibers 
of the heait weie univei sally swollen m the legion of the node in two 
cases, and swollen in places in one case The cioss-stiiations of the 
muscle fibeis weie not seen in thiee cases The auiiculai muscle fibers 
111 the othei sections of the light auiicle weie swollen univei sally in one 
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case and irregularly in two cases Cioss-stiiations weie piactically 
absent in four cases and present only heie and there in anothei case 
The myofibrils were prominent in seven cases 

In one case the aui iculoventi iculai node contained some small 
lymphocytes together with a few scatteied polymoiphonucleai leuko- 
C3^tes The arteiy of one of the nodes was thickened but was not fibrotic 
The auiiculoventriculai bundle showed shimkage of its fibers in one 
instance Small lymphocytes were scattered thioughout the auiiculo- 



Fig 9 — The posterior limb of the left bundle branch, showing the Purkinje 
fibers, P f , m longitudinal section beneath the endocardium, cn , and the ventricular 
muscle fibers, vm, in cross-section (X 150) 

ventiiculai bundle m one case, and Aschofit-like bodies weie m the bundle 
111 the case of subacute endocarditis In none of the cases did the bundle 
branches show any featuies of note, and the right bianch was identified 
m onl}’^ three cases 

Sections of the left auiicles showed even less frequent lesions, which 
weie unimportant and were not of sufficient inteiest to enumeiate The 
same geneial chaiacteiistics of the muscle fibeis pi evaded as m the light 
auricle The mam points of difference between the two were the less 
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fiequent occurience of lymphocytes and the more fiequent thickening 
of the endocauhum m the left amide 

In the sections of the ventricles there weie no lesions of note except 
Aschoff nodules m one case Increase in connective tissue oi thickenms: 
of the aiteiies was not noted except in one case m which theie was slight 
thickening and fibiosis of the laigei aiterioles 

The sections stained for fat showed accumulation of small fat di op- 
lets 111 the muscle fibeis of both amide and ventiicle in five cases, and 



Fig 10 — Through the “moderator band” of the right ventricle, showing the 
small right bundle branch, 7 b, in cross-section, surrounded by the ventricular 
muscle, vv! , and lying some distance beneath the endocardium, c/t (X 150) 

in geneial the amount of fat was appi oximately the same m the auricle 
and ventiide In one case theie w^as a model ate accumulation of fat 
dioplets in the amide and none m the ventricle In thiee cases theie 
was no demonstiable fat in eithei amide 01 ventiicle 

Gotiei — Theie weie six cases of exophthalmic goiter and two of 
adenomatous goitei with hypei th 3 moidism Of the cases of exophthalmic 
goitei, foul occuiied m men and one m a wminan The ages of the 
patients langed between 58 and 72, except one (32 yeais) Only one 
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died diiectl} of cardiac decompensation The largest heait weighed 423 
Gm One patient had coionaiy sclerosis, giaded 3 Both of the patients 
with adenomatous goitei were women, one aged 60 and one aged 49 
Both had hypertension m addition to thyrotoxicosis One died follow- 
ing embolectomy of a femoral arteiy, the othei died of caidiac decom- 
pensation thiee days aftei subtotal thyroidectomy One heart weighed 
463 Gm , the othei 357 Gm The exact duiation of the auiicular fibril- 
lation could not be ascertained m any case The histologic alteiations 
of this gioup were even less maiked than in the gioup with endocarditis 
The sino-auiicular node showed few changes In one, the fibeis weie 
swollen and pale, con esponding with the auiiculai muscle fibeis In 
one, the muscular coat of the nodal aiteiy was model ately thickened, 
but was without fibrosis In anothei, as the end of the node was reached, 
theie appealed a loose network of connective tissue with a few scatteied 
small lymphocytes The auiiculoventricular node appaiently was nor- 
mal in all but one case, m which theie was slight fibiosis of the nodal 
aiteiy In one case the bundle of His was moie vasculai than usual, 
and in anothei it was markedly congested , this condition involved the 
adjacent legion of the mterventiicular septum also The fibers of one 
■weie sepal ated into definite fasciculi and were pale, some weie swollen, 
and others wei e shi unken The bundle bi anches wei e all noi mal except 
that 111 one case, at the oiigin of the light bianch, theie was in one area 
a small group of polymorphonucleai leukocytes with a few histocytes, 
the right branch was lecognized, howevei, m only two cases The 
muscle fibeis of the light auricles did not show moie changes than aie 
usually seen in a similar group of noimal heaits In two cases the fibeis 
weie swollen and pale with piominent myofibiils and indistinct cioss- 
stiiations, in two they weie not swollen but the fibers had prominent 
myofibiils and invisible cioss-stiiations, and in two the fibeis weie 
cloudy 01 homogeneous without visible cioss-stiiations In one case 
there weie some small lymphocytes in the subepicaidial fat, neai 
the smo-aunculai node, and some connective tissue leplacement of the 
muscle fibers, and m thiee there weie a few small lymphocytes in the 
epical dium near the node In geneial, the muscle fibers of the left 
auricle weie similai to those of the right, although they weie not swollen 
as often The ventricles showed few features of note In the case of 
toxic adenoma theie was an area of calcification in the membranous 
septum and an aiea of infaiction in the left ventiicle, and the cross- 
striations were distinct only in the left ventiicle A few small lympho- 
cytes polymorphonuclear leukocytes and plasma cells were present in 
the edematous subepicai dium of the light ventricle in one case, and a 
few small l}mphocytes and plasma cells m the subendocardium of the 
light ventricle m another In one case there were a few small lympho- 
cytes in the epicardium of the left ventiicle The ventiicular muscle 
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fibers of one Iieait appeared to be slightly granular, with prominent myo- 
fibrils Demonstrable fat was not present in the muscle fibers of the 
auricle m two cases, a mild to model ate amount, in three, and patchy, 
heavy infiltiation in two The ventricles showed little if any visible fat 
in all cases and a mild to moderate amount of lipochromatic pigment 
in five 

Hypertension — Six hearts weie studied In one there was evidence 
of old mitial endocai ditis, which, however, had produced hardly any 
distoition of the valve, and in another theie was coionary sclerosis, 
graded 3 Foui of the patients were men and two were women, langmg 
in age from 42 to 81 years Foui died diiectly of cardiac decompensa- 
tion, one of decompensation and giand mal, and one of mesenteric 
thiombosis complicating decompensation Auricular fibi illation was 
known to have existed more than nine months in one case and moie 
than two years m anothei In the remainder, its duration was not 
known The smallest heait weighed 410 Gm and the largest, 795 Gm 
Inspection did not reveal abnoimal fibiosis m any case The smo- 
auriculai node had thickened arterioles with reduction of their lumma 
in one case, in one case the arteiioles were slightly thickened, and in 
anothei they weie questionably thickened The walls of some of the 
larger arteiioles weie thickened in one case In the auriculoventiiculai 
node of one heart the arteiioles weie thickened, with almost obliterated 
lumma, and in the same node the larger vessels showed submtimal 
fibrosis In one case the media of the aiteries was somewhat thickened, 
and in another there was some fibiosis of the media of the mam nodal 
artery The vessels of the auriculoventricular bundle were not thick- 
ened 111 any case, but theie were many blood vessels and much adipose 
connective tissue (50 per cent) in one, and in the cius communis 
of another theie was some increase in the fat The bundle branches did 
not show anything of note, the right bundle branch was recognized m 
five instances A few small lymphocytes were present m the epicardium 
or subepicardium of the right auricle, in the region of the smo-auricular 
node, in four hearts, and weie grouped near some of the larger arterioles 
in one of these In one case, there weie groups of small lymphocytes in 
the subendocaidium, near the same node The cross-stiiations of the 
muscle fibeis of the light auiicle were indistinct in two cases, and in 
two the fibers weie swollen and pale The aiterioles of the right auricle 
were slightly thickened in one case A patch of calcium deposit was 
present in the base of one mitral valve The muscle fibers of the left 
auricle were swollen, with piomment myofibrils in one case, and the 
cross-striations were not visible m anothei The endocardium was 
somewhat thickened in one left auiicle, in another heart there weie 
some small lymphocytes in the epicardium The arterioles were slightly 
thickened m the ventricles m two cases, and there was some inciease in 
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fibrous connective tissue in the interventricular septum in another 
Deposits of calcium -were piesent along the lowei edge of the mem- 
branous septum m one heart An appreciable increase of connective 
tissue was not present in any case Fat was not visible m the muscle 
fibers m eithei auricle or ventricle in three cases, or m the auricle of 
one other case m which theie was a slight amount m the ventricle In 
one case there were patches of fatty change m both auricle and ventricle 
and moderate diffuse infiltration of the fibers of both auiicle and 
ventricle m anothei Lipochromatic pigment was not prominent m 
any case, but was seen in a small amount m two cases 

Coionmy Scleiosis — Two cases were studied One patient was a 
man, aged 70, who died of pyelonephritis following prostatectomy, he 
also had hypei tension The heart weighed 552 Gm , and the coronary 
scleiosis was graded 4 The other was a woman, aged 72, who died of 
empyema of the gallbladder associated with cardiac decompensation, 
she also had hypertension The heart weighed 290 Gm , and the coronary 
sclerosis was giaded 3 The fibrillation appaiently had existed for 
some time in both cases In one of these the arteiy of the smo-auncular 
node was somewhat thickened, and there was some submtimal fibrosis 
In the other, the nodal artery showed moderate thickening of the intima , 
the fibers of the node were larger than usual, resembling more neaily 
caidiac muscle, and m the substance of the node w’^eie some gioups of 
large histiocytes full of dark blown pigment gianules, with scattered 
small lymphocytes in othei parts The aunculoventnculai node of one 
had a nodal ar*-eiy somewhat thickened with submtimal fibrosis, and 
the artery of the othei also showed thickening of the intima A tiny 
bit of calcium w^as present in the fibrous septum m the region of the left 
bundle branch in one case The bundle branch appeared normal m one 
case but was not seen in the other In the right auricle of one heart 
the cross-striations were not visible, in the other the myofibiils were 
unusually piomment, and there was an increase in intercellular con- 
nective tissue in the region of the smo-auncular node The left auricle 
was similar to the light in both cases The ventricular muscle fibers 
w^eie sw'^ollen, and there were indistinct cross-striations in one heart A 
moderate degree of fatty change was present in the muscle fibers of 
both auricle and ventricle in one case, but in the other case a change did 
not occur in either 

SypJnhs — The patient w^as a woman, aged 35, who had a definite 
syphilitic infection of the central nervous system and the classic signs 
of aortic regurgitation She died suddenly during a course of anti- 
syphilitic treatment The arrhythmia was apparently of long standing 
The heart was markedly enlarged with severe syphilitic involvement of 
the aorta and aortic valves Considerable coronary sclerosis and dilata- 
tion of the left ventricle were present The smo-auncular node and 
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the auiiculoventncular node appealed normal The left bundle branch 
appeared noiinal also, but its origin was surrounded by many small 
lymphocytes and a few plasma cells These cellular elements were seen 
in the connective tissue m all of the sections showing the interventricular 
septum and weie most numeious about some of the arteries, they were 
less numeious in the other sections of the ventricles In one area, 
between the membranous septum and the auiicular muscle were a num- 
bei of small lymphocytes and a few plasma cells In the connective 
tissue of the left auricle, especially in the subepicardial fatty tissue, were 
a great many plasma cells, some of which had two or three small nuclei , 
theie were also some laige pale cells undergoing mitotic division The 
auiicular and ventiicular muscle fibeis appeared normal Theie was 
piacticall}'’ no fat in the muscle fibeis of eithei auiicle or ventricle 

Teuninal Fih illation — One of the patients was a man, aged 29, 
with Hodgkin’s disease, the othei was a man, aged 57, who died of a 
tiaumatic subdural hemorihage The fibi illation in both cases devel- 
oped a short time befoie death Both of the heaits appealed grossly 
1101 mal, except for some dilatation of the right auiicle in each The 
two hearts, microscopically, showed little of note There was appar- 
ently an increase of fibious tissue in the smo-auiicular node in one 
lieait, the auiicular fibeis in this case were swollen and pale with clear 
centeis, prominent myofibiils and indistinct cross-striations A little 
fat was piesent in the muscle fibeis of the auricles and ventricles of 
both heaits Lipochromatic pigment at the nuclear poles was seen in 
small amounts in one case 

Auricular Fluttei — Two cases were studied Both patients were 
women, one 58 years of age and the othei 65 Both had had hyperten- 
sion for years and had died of cardiac decompensation One had an 
adenomatous goiter also, which was believed to be toxic The heart of 
this patient weighed 417 Gm , and that of the other 684 Gm Except for 
a few small lymphocytes beneath the epicardium neai the sino-auncular 
node and adipose connective tissue (50 per cent) in the cius communis 
of the bundle of His near the origin of the two bundle branches, one 
heart appeared to be normal in every respect The other likewise showed 
little of note 

Pai oxysinal Tachycaidia — The heart studied was that of a man, 
aged 78, who had had paroxysmal tachycardia for twenty years He 
died of pyelonephritis following cauterization of an epithelioma of the 
base of the bladder This case is referied to also in the analysis of cases 
under paroxysmal tachycardia The heart weighed 465 Gm and appeared 
normal except for a small terminal vegetation on the mitral valve The 
sections did not show abnoi malities of note, except for the presence of 
a small deposit of calcium high up in the central fibious body near the 
auriculoventricular node, with a few small lymphocytes and plasma 
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cells nearby A moderate amount of lipochromatic pigment was present 
at the poles of the nuclei of the ventricular muscle fibers 

Ne'} ve Cells — A special study was made to determine whether there 
were any changes m the nerve cells or ganglions m the region of the 
sino-auricular node Sections containing nerve cells or ganglions were 
stained with thionm m eight supposedly normal hearts and m thirteen 
of the cases of auricular fibrillation No difference in this lespect was 
observed between the noi mal and pathologic hearts 

COMMENT 

Several points with reference to the fundamental basis of auricular 
fibrillation m the series of 145 necropsies warrant emphasis Chronic 
endocarditis, exophthalmic goiter and adenomatous goiter with hyper- 
thyroidism were the three conditions most frequently encountered, rep- 
resenting 19, 25 and 19 per cent, respectively, of the entire number of 
cases, or a combined total of 63 per cent The high incidence of cases 
of goiter IS due m part to the fact that many of them were drawn from 
a large surgical goiter clinic The percentage of cases of endocarditis 
IS perhaps far too low because of the policy of returning patients with 
this condition to then homes if they cannot be materially benefited by 
treatment m hospital Therefore, those on whom necropsies were per- 
formed were usuall}'’ those who were too ill to be returned home 
Nevertheless, these percentages indicate the types of heart disease m 
which auiicular fibrillation is most likely to occui Of the tliiee con- 
ditions, endocarditis is peihaps most readily diagnosed by the average 
clinician, so that in the absence of evidence of endocarditis, one should 
next consider the possibility of hyperthyroidism 

Heart disease due to hypertension constituted 8 per cent of the cases 
if only those cases aie included m which hypertension was known to 
have existed This figuie becomes 10 pei cent, if the three cases are 
added in which the previous existence of hypertension could not be 
established The average size of these hearts was much laiger than 
those in the cases of hyperthyroidism, and m the absence of evidence of 
endocarditis or hypeithyroidism, hypertension should be considered as 
an etiologic factor when there is auricular fibrillation and a considerably 
enlarged heart, even though the hypertension cannot be established 
Coronary sclerosis, chionic adhesive pericarditis and syphilis are rather 
unusual sources of auricular fibrillation 

In about 8 pei cent of the cases there were two distinct etiologic fac- 
tors Although both contributed to the breakdown of the heart, it was 
usually one which caused the initial strain and the other which served as 
the “straw that broke the camel’s back” When hypei trophy of the 
heart in a case of hypertension is accompanied by severe coronary 
sclerosis, it is logical to assume that the hypertension existed for a long 
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time prior to the development of the coronary sclerosis, because con- 
tinued hypertiophy is not consistent with an impaired coronary circu- 
lation A relatively common combination of etiologic agents in this 
group seems to be toxic adenomatous goiter and hypertension Both of 
these conditions may exist a long time before injury to the heart is 
demonstrable, and it is usually impossible to decide which is the more 
important as legards the development of the cardiac condition There 
IS no question, however, that removal of the toxic adenomas, if possible, 
IS of gieat advantage to the overburdened heart 

Except for the eleven cases of terminal auricular fibrillation, a con- 
dition which IS not of great piactical impoitance, there still remained a 
group of about 9 per cent of cases of established fibrillation m which a 
cause for the cardiac condition was not appaient In most of these 
the status of the heart was considered to be of secondary importance to 
some more serious condition In fact, cardiac symptoms weie often 
mild 

From the small series of cases of auriculai flutter, conclusions can- 
not be drawn as to the incidence m different types of heart disease 
Endocaiditis, hypeithyroidism and hypertension were the only definite 
types observed One of the two cases of paroxysmal tachycaidia, like 
the majority of such cases, occurred in a heait which had been subject 
to none of the etiologic factors in heart disease The other was an 
unusual case of extensive myocardial fibrosis in a young adult 

The microscopic study of the twenty-nine hearts which had been the 
seat of these arrhythmias was strikingly negative as regards any dis- 
tinctive lesion or, in fact, as legards any changes which could be 
assigned as the cause of the arrhythmia in any individual case This 
was true not only foi the types of arrhythmia, but also for the different 
types of heait disease The lesion which Frothingham called attention 
to, namely, edema and vacuolization of the auricular muscle fibers, was 
obseived about as often in the control gioup as in the affected hearts 
On the whole, there was more evidence of disease in the region of the 
sino-auncular node than in other places, but even this was only slight 
or model ate in degree The region of the oiifices of the venae cavae 
has been called the sewer of the heait because of the frequently obseived 
lesions there None of the severe lesions of the sino-auncular node, 
such as cellulai infiltration, degeneration or sclerosis, which were 
obseived by some of the earlier investigators, was noted in this series 

If one accepts the conclusion drawn from this study that a specific 
histologic picture of auricular fibrillation or allied arrhythmias does 
not exist and fuither accepts the work of Lewis on the physiology of 
these aiihythmias, hypotheses are then in order concerning their cause 
That theie is a common cause in most cases of auricular fibrillation 
seems evident from the results of treatment by qumidme which is 
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apparently of similar efficacy in different types of heart disease, except 
perhaps in cases with hypertension It is difficult to conceive that 
quinidine could alter the structure of the cells, at least as quickly as it 
sometimes acts Some change possibly occurs m the chemical or physio- 
chemical composition of the muscle fibers, at least in auricular fibrilla- 
tion, which increases their refractoriness and causes reduction in the 
rate of conduction of an impulse Possibly some vagal effect may 
cooperate with such change to bring about these conditions Why the 
auricles and not the ventricles should fibnllate is another point to be 
considered, and this feature is the one which probably led Koch and 
others to attach such importance to the effect of dilatation of the right 
auricle Furthermore, one has also to explain why the mam path of 
the circus movement should be the region about the mouths of the venae 
cavae This is probably due to some anatomic factor Again, it is not 
easy to account for the occurrence of fibrillation in compensated cardiac 
conditions as well as in decompensation, and paroxysmal fibrillation 
and flutter befog the issue even more All that can be said at the 
present time is that there is some unknown factor or a number of fac- 
tors which bring about an identical disturbance m function of the 
auricular muscle fibers without associated structural changes 

SUMMARY AND CONCLUSIONS 

A series of 145 cases of auricular fibrillation, 7 cases of auricular 
flutter, and 2 cases of paroxysmal tachycardia, all with necropsies, 
was studied from the standpoint of etiology and pathology All the 
usual types of heart disease were found , cases of endocarditis and 
hyperthyroid states were the most numerous Hypertension was found 
to be a common condition, but the occurrence of auricular fibrillation in 
other types of heart disease was uncommon In about 8 per cent of 
the cases of auricular fibrillation there was a combination of possible 
etiologic factors, and in about 9 per cent an etiologic factor could not 
be suggested 

Twenty-nine hearts which had been the seat of these arrhythmias 
were studied microscopically A distinctive lesion for the arrhythmia 
was not found, and the lesions were not considered in themselves of 
sufficient importance to account for the arrhythmia There apparently 
IS not, therefore, a specific histologic syndrome in auricular fibrillation 
and probably none m auricular flutter and paroxysmal tachycardia 



THE VARIABILITY OF BLOOD PRESSURE 

MORNING AND EVENING STUDIES " 


H S DIEHL, M D 

MINNEAPOLIS 

Studies such as those recently made by Alvarez,^ and Diehl and 
Sutherland," in which a suipnsmgl)'- large number of presumably noimal 
young adults are reported with elevation of blood pressure, lead one to 
wonder what proportion of these high leadings can be attributed to noi- 
mal fluctuations or vaiiations of the blood pressuie Unquestionably 
many of the peisons who show high pressures dm mg required examina- 
tions of a group usually give noimal readings , in fact, by taking repeated 
readings of the blood pressuie of those unnersity students who, on 
entiance examinations, had systolic piessures of 140 mm or nioie, Diehl 
and Sutherland ^ found that the pressuies of oply 15 pel cent of this group 
peisisted at that high level Other students showed high readings on 
some occasions and low readings on others, while the largest piopoition 
were above “normal” on only the initial reading In all groups, how- 
evei, theie were sufficient variations of pressure to raise the following 
questions Is it normal for young adults to have these fluctuations 
of blood pressure and how much fluctuation is necessary to constitute 
an abnormality^ 

Peters® concluded, from obseivations on blood pressure in 1,500 
subjects, that in healthy persons less than 20 years of age the normal 
systolic pressure may var}' from 60 mm plus one-half the age to 
100 mm plus one-half the age, and that in persons more than 20 
years of age the variation may be from 90 mm plus one-half the 
age to 130 mm plus one-half the age In other words, he feels that 
m young people an individual variation of 40 mm is within normal 
limits Hare ^ studied individual variations by taking four consecutive 
readings of the blood pressure after his subjects had rested for twenty 

Submitted for publication, Dec 27, 1928 

From the Students’ Health Service and Department of Preventive Medicine, 
University of Minnesota This study was carried on with the aid of a grant 
from the Research Fund of the University of Minnesota 
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minutes on a couch The first reading was discarded and the variation 
between the next three readings computed With sixty patients in 228 
sittings, he found between the three readings a variation of more than 
10 mm in 29 4 per cent of the sittings, of 15 mm or more m 119 
per cent and of 20 mm or more m 1 3 per cent Brooks and Carroll ® 
found the maximum pressure of the day between four and five o’clock 
m the afternoon and, after a night’s sleep, an average drop of 16 5 mm 
in thirty patients with a mean pressure of 100 mm , a drop of 24 mm in 
sixty-eight patients with a mean pressure of 142 5 mm , and a drop 
of 44 8 mm m twenty-nine patients with a mean pressure of 204 5 mm 
Kinney,® in discussing factors which influence blood pressure, stated 
that blood pressure frequently does not run a “constant course but 
jumps about the scale m an erratic manner,” and that this condition is 
not limited to persons of a nervous temperament Sigler cited several 
cases of hypertension with systolic pressures showing variations of from 
30 to 65 mm , he stated that “it would seem that variations of this 
kind, as well as hypertension m general, are dependent upon some struc- 
tural or functional abnormality of the vegetative nervous system exhibit- 
ing Itself in the foim of vasomotor pressor effects” Luisada ® noted 
in normal persons a nocturnal lowering of systolic piessure of from 
15 to 20 mm and a simultaneous rise of from 10 to 20 mm m diastolic 
pressure Hourly variations, he said, may differ in intensity in different 
circulatory syndromes and m different illnesses 

FXPERIMENTAL PROCEDURE 

Techmc — These studies of the variability of the blood pressure, which answered 
some questions and raised others, led me to undertake some additional observations 
on variation m blood pressure m normal persons under normal conditions The 
group studied consisted of 100 male students of the University of Minnesota 
Readings were taken in the morning and evening of each day for six consecutive 
days The mormng readings were made between the time of rising and that of 
breakfast, the intent being to record the pressure at the beginning of the day’s 
activity, not necessarily the minimum pressure for the day The evening readings 
were taken just before dinner, at the close of the day's activity Readings were 
made with the subject sitting on a chair Three senior medical students assisted 
in taking the readings but each observer took all readings on the cases assigned 
to him, and identically the same technic was followed by each one Mercury 
manometers and the auscultatory method were used throughout 


5 Brooks, H , and Carroll, J H A Study of the Effects of Sleep and Rest 
on Blood Pressure, Arch Int Med 10 96 (Aug ) 1912 

6 Kinney, V C Blood Pressure Some Original Observations, JAMA 
83 1420 (Nov 1) 1924 

7 Sigler, L H Periodic Variability of Arterial Plypertension, Am J Af Sc 
172 543 (Oct ) 1926 

8 Luisada, A Le vanaziom orarie della pressione arteriosa, Riforma med 
41 817 (Aug 31) 1925 
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Analysis of the Gioup — The 100 students on whom the obsen’^ations 
of the present study were made were unselected except m that they all 
belonged to frateimties, and a considerable proportion of them were 
medical students The readings all were made at the fraternity 
houses The mean age of the group was 22 71 ±017 years, the 
mean weight, 148 00 ± 0 64 pounds, and the mean height, 68 52 ± 0 196 
inches Taking as the pressure for each student the average of all 
the readings taken on him, the mean pressure for the group was 
119 15 ±0 47 mm In studies of the blood pressure of fieshmen 
entering the univei sity, Diehl and Sutherland “ found in the age group 
of 22 yeais a mean systolic piessure of 122 6 ± 0 50 mm and m that 
of 23 }eais a mean pressure of 123 3 ± 067 mm In students with 
a mean age of 20 078 ± 0 046 } ears, Jackson ® found a mean weight 
of 141 44 ± 0 29 pounds and a mean height of 68 684 ± 0 042 inches 
From these comparisons it would seem that the present group was not 
abnoimal m any wa}' but was truly repi esentative of the older portion 
of the university students 

Mo) mng Pressures — As previously stated, the morning readings of 
pressure were made on each of six consecutive days at the beginning of 
the da 3 ^’s activity The mean of these morning systolic pressures in the 
100 subjects was 114 94 ± 0 34 mm As a measure of the variability of 
the morning pressure m an individual subject, the standard deviation from 
the mean of the six morning readings taken on the case was computed 
Then the mean of all these morning standard deviations for the 100 
subjects was calculated and found to be 5 57 ± 0 167 mm , the mode 
was 4 5 mm and the median, 5 25 mm The distribution of the morn- 
ing standard deviations is shown m chait 1 A 

The range of blood pressure, that is, the difference between the 
lowest and the highest readings, although not an accurate statistical 
measure, was computed because it is in these terms that the average 
practitioner thinks of vaiiation m blood pressure The morning range 
in individual cases has been portrayed graphically m chart 2 A The 
lowest morning range over the six day period was 1 mm , the highest, 
39 mm , the mean, 16 29 ±0 486 mm , the mode, 16 mm, and the 
median, 16 mm With the mean, mode and median so nearly identical 
for both range and standard deviation, the distribution curves are 
regular and probably truly representative for such a group 

Evening Pressures — The evening pressures were taken at the end 
of the day’s activity and for the group as a whole showed a mean 
pressure of 124 37 ± 0 29 mm The standard deviations of the evening 

9 Jackson, C M The Physique of Male Students at the University of 
Minnesota A Study in Constitutional Anatomj’- and Physiology, Am J Anat 4,0 
59 (Sept IS) 1927 
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minutes on a couch The first reading was discarded and the variation 
between the next three readings computed With sixty patients in 228 
sittings, he found between the three readings a variation of more than 
10 mm m 29 4 per cent of the sittings, of 15 mm or more m 119 
per cent and of 20 mm or more m 1 3 per cent Brooks and Carroll ® 
found the maximum pressure of the day between four and five o’clock 
m the afteinoon and, after a night’s sleep, an average drop of 16 5 mm 
m thirty patients with a mean pressure of 100 mm , a drop of 24 ram in 
sixty-eight patients with a mean pressure of 142 5 mm , and a drop 
of 44 8 mm m twenty-nine patients with a mean pressure of 204 5 mm 
Kinney,® m discussing factors which influence blood pressure, stated 
that blood pressure frequently does not run a “constant course but 
jumps about the scale in an erratic manner,” and that this condition is 
not limited to persons of a nervous temperament Siglei cited several 
cases of hypertension with systolic pressures showing variations of from 
30 to 65 mm , he stated that “it would seem that variations of this 
kind, as well as hypertension in general, are dependent upon some struc- 
tural or functional abnormality of the vegetative nervous system exhibit- 
ing itself in the form of vasomotor pressor effects ” Luisada ® noted 
111 normal persons a nocturnal lowering of systolic pressure of from 
15 to 20 mm and a simultaneous rise of from 10 to 20 mm in diastolic 
pressure Hourly variations, he said, may differ in intensity in different 
circulatory syndromes and in different illnesses 

EXPERIMENTAL PROCEDURE 

Tcchnic — These studies of the variability of the blood pressure, which answered 
some questions and raised others, led me to undertake some additional observations 
on variation in blood pressure in normal persons under normal conditions The 
group studied consisted of 100 male students of the University of Minnesota 
Readings were taken in the morning and evening of each day for six consecutive 
days The morning readings were made between the time of rising and that of 
breakfast, the intent being to record the pressure at the beginning of the day’s 
activity, not necessarily the minimum pressure for the day The evening readings 
were taken just before dinner, at the close of the day’s activity Readings were 
made with the subject sitting on a chair Three senior medical students assisted 
in taking the readings but each observer took all readings on the cases assigned 
to him, and identically the same technic was followed by each one Mercury 
manometers and the auscultatory method were used throughout 

5 Brooks, H , and Carroll, J H A Study of the Effects of Sleep and Rest 
on Blood Pressure, Arch Int Med 10 96 (Aug ) 1912 

6 Kinnej, V C Blood Pressure Some Original Observations, JAMA 
83 1420 (Nov 1) 1924 

7 Sigler, L H Periodic Variability of Arterial Hypertension, Am J M Sc 
172 543 (Oct ) 1926 

8 Luisada, A Le variazioni orarie della pressione arteriosa, Riforma med. 
41 817 (Aug 31) 1925 
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Analysis of the Group — The 100 students on whom the observations 
of the present study were made were unselected except m that they all 
belonged to fraternities, and a considerable proportion of them were 
medical students The readings all were made at the fraternity 
houses The mean age of the group was 22 71 +017 years, the 
mean weight, 148 00 + 0 64 pounds, and the mean height, 68 52 ± 0 196 
inches Taking as the pressure for each student the aveiage of all 
the readings taken on him, the mean piessuie foi the gioup was 
11915 + 047 mm In studies of the blood pressure of fieshmen 
enteimg the umveisity, Diehl and Sutheiland" found m the age group 
of 22 yeais a mean systolic piessure of 122 6 + 0 50 mm and m that 
of 23 years a mean pressure of 123 3 + 0 67 mm In students with 
a mean age of 20 078 + 0 046 yeais, Jackson® found a mean weight 
of 141 44 + 0 29 pounds and a mean height of 68 684 + 0 042 niches 
From these compaiisons it would seem that the present gioup was not 
abnoimal m any way but was tiuly representative of the older portion 
of the umveisity students 

Morning Pressures — As pieviously stated, the morning readings of 
pressure were made on each of six consecutive days at the beginning of 
the day’s activity The mean of these morning systolic pressures m the 
100 subjects was 114 94 + 034 mm As a measuie of the vaiiabihty of 
the moining pressuie in an individual subject, the standai d deviation from 
the mean of the six moining readings taken on the case was computed 
Then the mean of all these morning standard deviations foi the 100 
subjects was calculated and found to be 5 57 + 0 167 mm , the mode 
was 4 5 mm and the median, 5 25 mm The distiibution of the morn- 
ing standard deviations is shown m chart 1 A 

The range of blood pressure, that is, the difference between the 
lowest and the highest leadings, although not an accurate statistical 
measuie, was computed because it is in these terms that the average 
practitioner thinks of vaiiation m blood pressure The morning range 
m individual cases has been portrayed graphically m chart 2 A The 
lowest morning range over the six day period was 1 mm , the highest, 
39 mm , the mean, 16 29 + 0 486 mm , the mode, 16 mm , and the 
median, 16 mm With the mean, mode and median so nearly identical 
for both range and standard deviation, the distribution curves are 
regular and probably tiuly representative foi such a group 

Evening Pressures — The evening pressuies were taken at the end 
of the day’s activity and for the group as a whole showed a mean 
pressure of 124 37 + 0 29 mm The standai d deviations of the evening 

9 Jackson, C M The Physique of Male Students at the University of 
Minnesota A Study in Constitutional Anatomy and Physiology, Am J Anat 40 
59 (Sept 15) 1927 
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readings from the evening mean of each subject are shown in a dis- 
tribution chart, chart 1 B The mean of all these individual evening 
standard deviations was 5 86 ±: 0 21 mm , the mode, 3 5 mm , and the 
median, 6 mm 

The minimum evening range in any subject was 2 mm , the max- 
imum, 38 mm , the mean, 17 86 it 0 616 mm , the mode, 22 mm , and 



Chart 1 — A gives the standard deviation of the six morning readings on 
each subject from the mean of these six readiilgs, B, the same for the evening 
readings The vertical scale at the left indicates the number of subjects 

the median, 16 mrn Chart 2B shows the distiibution of the range in 
evening blood pressure in the individual subjects 

Comparison of Morning and Evening Readings — The mean of the 
morning readings was 114 94 it 0 34 mm and of the evening readings. 
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124 37 ±1 0 29 mm , a diffeience of 9 43 ±; 0 44 mm Since the actual 
diffeience shown is more than twenty times the probable eiioi of the 
difleience, the significance of the observation is beyond question and 
indicates that in this gioup the day’s (activity tended to inciease the 
systolic blood piessme 943 ±: 0 44 mm In a study of lecruits at Camp 
Lewis, Addis found a mean piessuie, in bed, of 99 mm , with an 
inciease to 127 mm duimg the day’s activities 



Chart 2 — A gives the range in morning readings of blood pressuie on the 
individual subjects, B, the lange in evening readings The vertical scale at the left 
indicates the numbei of subjects 

The standaid deviation fiom the mean of all moinnig leadings was 
12 27 ± 0 34 mm and of all evening leadings, 10 47 ±0 30 mm The 
diffeience is 1 80 ± 0 45 mm with the morning deviation the gi eater 

10 Addis, T Blood Pressure and Pulse Rate Levels , the Levels Under Basal 
and Daytime Conditions, Arch Int Med 29 539 (April) 1922 
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The mean of the standard deviations in the individual cases was 
5 57 dr 0 167 mm for the morning series and 5 86 ± 0 21 mm 
for the evening series, a difference of 0 29 dr 0 27 mm These com- 
parisons indicate that in the group as a whole, the morning readings 
show a slightly gi eater variability from the group mean than do the 
evening readings, but that the average variability in individual subjects 
IS practically the same for moining and evening In othei words, the 
day’s activity tends to bring the blood pressure of the group closer 
together, but has no appreciable effect on the individual variability 

The average range of systolic blood pressure ovei the period of six 
days was 16 29 ±0486 mm m the morning and 17 86 ±0 616 mm 
m the evening, again indicating that, although the leadings were some- 
what lower in the morning, the variability m the morning is practically 
as great as the evening 

The difference between morning and evening readings was computed 
for each day and the aveiage of these differences, without legard to 
sign, for SIX daily examinations was called the “mean difference” for 
the case This mean difference, of course, does not indicate whether 
the morning or evening pressure was highei The average mean differ- 
ence for the 100 cases was 12 69 ± 0 42 mm , the modal mean difference, 
13 S mm , the median, 12 mm It appears that the average difference 
between morning and evening pressure is less than the average range 
over a period of six days m either the morning or in the evening 

Although the mean of all evening readings was 9 43 ± 0 44 mm 
higher than the mean of all morning readings, yet in the 100 cases the 
morning average was higher than the evening average m fifteen cases 
and the same as the evening average in one case With the readings 
taken morning and evening for six days on each of the 100 cases there 
were approximately 600 “pressure days ” Of these, the morning read- 
ings weie higher in 135 and the evening readings higher in 445 , the two 
were identical in twenty 

Total Vauation — The mean of all readings, without regard to time, 
was 119 76 ± 0 244 mm (differing slightly from the mean of the means 
of individual subjects, 119 15 ± 0 47 mm , because, in a few instances, 
five instead of six evening readings were taken, due to the absence of 
students from the house), with a standard deviation from the mean of 
12 28 ± 0 17 mm The mean of all the readings m each case, morning 
and evening, was computed and the standard deviation from this mean 
was considered the “standard deviation of the total readings ” The 
mean of all these “standard deviation of the total readings” m individual 
cases was 8 67 ± 0 20 mm , the mode, 7 mm , and the median, 9 mm 
The total range of a subject is the difference between the lowest and the 
highest of the twelve readings, irrespective of whether they were taken 
in the morning or m the evening The mean of these “total ranges” 
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was 27 A7 ±0 87 mm , the mode, 26 mm , and the median, 26 mm 
This mean total lange is surprisingly high, in view of the mean morn- 
ing range of 16 29 ± 0 489 mm and the mean evening range of 
17 86 =ii 0 616 mm 

RELATION OF VARIABILITY TO MEAN PRESSURE 

It has frequently been suggested by writers on the subject of blood 
piessure that lepeated transient elevations of blood pressure probably 

The Dtstubution of Mean Piesstues and Case Standaid Deviations m 

Individual Subjects 
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represent the first stage of a persistent hypertension If this is true 
one would expect a person’s mean blood pressure to increase more or 
less in proportion to the increase in variability In this study the mean 

11 O’Hare, J P, and Walker, W G Arteriosclerosis and Hypertension, 
Arch Int Med 33 343 (March) 1924 Von Monakow, P Blutdrucksteigerung 
und Niere, Deutsches Arch f klin Med 133 129 (Aug) 1920 Lord Dawson of 
Penn, Discussion of Hyperpiesis, Proc Roy Soc Med 19,27 (Jan 25) 1926 
Herrick, W W Examination of the Circulatory System, the Importance of High 
Blood Pressure, Internat J Med & Surg 39 507 (Dec ) 1926 
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pressure in each case is computed for a series of from ten to twelve 
readings, and the vanability in each case in this series is measured by 
the standard deviation of the case A test of the relationship of these 
two factors was made by calculating the coefficients of correlation 

Qiart 3 shows the distribution from which these correlation coeffi- 
cients were computed For the morning readings of blood pressure the 
correlation coefficient between the height of the pressure and its standard 
deviation was 0126 ± 0 066, for the evening readings, the correlation 
coefficient was 0049 ±0 067, and for all leadings taken m the case, 
irrespective of time, the correlation coefficient was — 0 204 ± 0 065 One 
can conclude, therefore, that for the morning readings there is no signifi- 



Chart 3 — The variation in blood pressure in morning and evening readings on 
eight subjects, during a period of six days The solid line represents the readings 
taken in the morning, the broken lines, those taken m the evening The vertical 
scale at the left indicates millimeters of blood pressure 

cant correlation between the height of the pressure and its variability , that 
for the afternoon readings the probable error of the correlation coeffi- 
cient IS even larger than the coefficient itself, allowing no 
possible correlation , and that for all the readings on the 
subject there is a negative correlation coefficient which is approxi- 
mate!} three times as large as its probable error In other words, 
the tendency exhibited is toward a slight negative correlation between 
the height of the pressure and its variability, that is, as the blood pressure 
increases the variability decreases The significance of the difference. 
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however is not suffiaentl} marked to justif} any generalizations on the 
subject 

BLOOD PRESSLTIE CURVES OF REPRESENTATIVE CASES 

In cases 1 and 2 (chart 3) the morning and evening pressure curves 
run almost parallel with the e\ ening pressures constantly lugher 
In case 3 tlie mean monung pressure is 4 mm higher than the mean 
evemng pressure, although on two da}s the e^ ening pressure is the 
higher and the variation from da\ to day is not great Case 4 shows 
a great vanation from dav to day in both morning and evening pressures 
In case 5 the e\emng pressure rises on one occasion to 145 mm 
and the mean evening pressure is 135 57 mm . while the morning pres- 
sure vanes from 116 to 126 mm with a mean morning pressure 
of 121 83 mm Case 6 presents a morning cur\ e which would be con- 
sidered normal, but an e\ ening curve that might justifiably be called 
h 3 'pertension Cases 7 and 8 show persistent!}- high pressures witli 
relatively little daily variation Although in case 7 the mean evening 
pressure is the higher and in case 8 tlie mean morning pressure is tlie 
higher in neither case is there much difference betw een the morning and 
the ei ening mean 

COMMENT 

Brooks and Carroll ^ Luisada,® IMac William and others have 
pointed out that there tends to be somewhat of a daily c}cle in blood 
pressure with the highest pressure occurring in the late afternoon and 
the low est pressure occurring in tlie latter part of the night The present 
stud} shows that in 100 apparent!} normal }Oung adults this increase 
w Inch occurs during the da} s actn ities approximates 9 5 mm Proof that 
this increase is gradual throughout the day will lequire further 
obseri ations 

With the distribution curies for standard donation and for range 
as regular as the} are, it is probable that similar i ariations w ill be found 
in other groups of subjects and that some daih lanation of this kind 
IS '“normal ’’ Further w eight is given to the suggestion that more or 
less 1 ariabihty is normal by the fact that there is no positive correlation 
between the mean height of a person’s blood pressure and its lariabiht}- 
This same lack of correlation throws grave doubt on the suggestion 
frequentl} found in the literature that tiansient delations of blood 
pressure in young persons represent the beginnings of a persistent h} per- 
tension in later life Of course, there wrs no eiidence that this group 
of students contained any potential or earh tiue h} pertensions How-- 

12 LlacWilIiam, J A Blood Pressure and Heart Action in Sleep and Dreams 
Brit AI J 2 1196 (Dec 22) 1923 
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ever, since Bell and Clawson pointed out that, as a conservative esti- 
mate, 15 per cent of persons more than 50 years of age will die from 
hypertension (Fahr^^ gave 23 per cent), it is exceedingly unlikely that 
this group of 100 unselected young men should not contain approxi- 
mately a pioportionate number of them 

Since this group, although unselected, includes a few persons who 
in this series of readings had a persistently high blood pressure, a ques- 
tion might arise in the minds of some readers as to whether or not this 
fact makes the group sufficiently abnormal to influence the data How- 
ever, as no positive correlation between the height of the blood piessure 
and the vaiiabihty has been found, it can be said safely that the chance 
inclusion of these subjects did not in any way increase the variability 
found in the group as a whole 

SUMMARY 

1 Readings of the blood pressure of 100 male university students 
were made in the morning and evening of six consecutive days 

2 The group was unselected and apparently of average height, 
weight and blood pressure 

3 The mean morning pressure of all readings taken was 
114 94 ± 0 34 mm, and the mean of all evening readings was 
124 37 ± 0 29 mm 

4 The standard deviation, which is the best measure of variability, 
was calculated for the morning readings and for the evening readings 
of each subject For the 100 cases, the mean of the morning standard 
deviations was 5 57 ± 0 167 mm , and of the evening standard devia- 
tions was 5 86 ± 0 21 mm 

5 The variation in blood pressure from day to day as measuied by 
standard deviation and range is practically the same in the series of 
morning readings as m the series of evening readings 

6 With an average morning blood pressuie range of 16 29 ± 0 486 
mm , an average evening range of 17 86 ±0616 mm and an average 
total range of 29 47 ±0 87 mm , it would seem that in any consideration 
of individual blood pressure readings the possibility of at least as much, 
“normal” variation as this would have to be consideied 

7 Study of the individual cases shows that in some subjects the 
difference between morning and evening pressures is consistently great 
enough for the one to be considered normal and the other hypertension, 

13 Bell, E T , and Clawson, B J Primary (Essential) Hypertension, Arch. 
Path 5 939 (June) 1928 

14 Fahr, G E Hypertension Heart, Am J M Sc 175 453 (April) 1928 
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and that in other cases the variation fiom day to day in the same person 
IS sufficiently great for the pressuie to be considered normal on one 
day and as hypertension on a subsequent day 

8 A positive correlation was not found between the height of the 
blood pressure and its variability This fact makes it seem unlikely that 
transient elevations of blood pressuie m young persons lepresent the 
first stages of a persistent hypertension 



PEPTIC ULCER 


A STUDY OF FIVE HUNDRED AND FIFTY-SIX CASES ^ 
EDWARD S EMERY, JR. MD 

AND 

ROBERT T MONROE, MD 

BOSTON 

The past twenty years have witnessed a considerable advance in the 
knowledge of peptic ulcer Credit for this is due chiefly to roent- 
genologists, who not only have simplified the diagnosis but have led to a 
better understanding of the pathologic physiology and complications of 
the disease Therapy, especially surgical measures, likewise has 
improved Diagnosis is made earlier, and most of the end-stages which 
occur when the ulcer is allowed to run its course are avoided Yet the 
fundamental facts concerning peptic ulcer still are shrouded in mystery 
There is much difference of opinion concerning the etiology, the cause 
and the nature of the symptoms As long as this is so, there can be no 
unanimity of opinion regarding treatment 

Much of the disagreement on therapy depends also on the meager 
amount of statistical information in the voluminous literature on peptic 
ulcer Many papers deal with the effect of a single form of treatment, 
often in a small number of cases, and usually with a short period of 
observation after the completion of the treatment Evidence is scanty, 
and the conclusions are controvertible Data are needed on a large series 
of carefully studied cases observed for a considerable period 

This paper deals with an analysis of the cases of patients with gastric 
and duodenal ulcer who have been admitted to the Peter Bent Brigham 
Hospital from its opening in 1913 to September, 1926 All cases in 
which the patients were admitted to the medical service have been 
included Through the courtesy of Dr Harvey Cushing and the other 
members of the suigical service, all surgical cases are included, with the 
exception of those of one member of the suigical staff who had already 
planned to report his own cases A few cases, approximately twenty- 
five, which are recorded as cases of peptic ulcer in the hospital records 
have been omitted because the symptoms and the roentgen observations 
were such as to raise a reasonable doubt as to the accuracy of the 
diagnosis 

With these omissions, the series consists of 556 cases, 407 patients 
were admitted to the medical wards, 149 directly to the surgical and 155 
were transferred from the medical to the surgical wards for operation 


* Submitted for publication, Dec 27, 1928 

* From the Medical Clinic of the Peter Bent Brigham Hospital 

* Read in part before the Harvard Medical Society, Feb 14, 1928 
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A follow-up has been obtained on 460 patients (82 5 per cent) 
Seventy-six (13 6 per cent) of the total number are dead, from vaiious 
causes, 264 (47 4 per cent) have been followed from their discbaige to 
the piesent time, 120 (21 5 per cent) have been heard from at some 
time since discharge, but not recently, and nmety-six (17 5 per cent) 
have not repoited All patients were asked to retuin for a personal 
interview and examination, and an x-ray picture of the stomach Those 


Table 1 — The Incidence of Gastiic and Duodenal Ulceis as Repoited by 

Othei Obsciveis 


Authority 

Brinton, W Dicer of the Stomach, London, 
J & A Churchill, 1857 
Howard, 0PM News, Philadelphia, 1904, 
vol 85, p C73 

Dletnch, H A Munehen med Wohnschr 
50 683, 1912 

Ophuls, W A Statistical Survey of 3,000 
Autopsies, Stanford Univ Press, 1926, p 268 
Sturtovant, M , and Shapiro, L L Arch 
Int Med 3S*41 (July) 1926 
Lehman, H Mitt a d Grenzgeb d Med 
U Chir 30 185, 1926 

Von Leubc, quoted by von Ziemssen, Cyclo- 
pedia of Practice of Medicine, Neu York 
1874, p 195 

Fenwick, S , and Fenwick, W S Ulcer of 
the Stomach and Duodenum, Philadelphia, 
P Blakiston’s Son & Company, 1900 
Martin, C F , in Osier, W and McOrae, T 
System of Medicine, ed I, Philadelphia, 
Lea & Fcblger, 1908, vol 6, p 176 
Hemmoter, J C Diseases of the Stomach, 
Philadelphia, P Blakiston’s Son & Com- 
pany, 1897, p 495 

Sturtovant, M , and Shapiro, L L Arch 
Int Med 38 41 (July) 1920 
Martin C F , in Osier, W , and McOrae, T 
System of Medicine, ed I, Philadelphia, 
Lea & Febiger, 1908, vol 5, p 176 
Fenvick, S , and Fenvnek, W S Ulcer of 
the Stomach and Duodenum, Philadelphia, 
P Blakiston’s Son & Company, 1900 
Cooley, E D Illinois M J 23 . 187, 1913 
Sturtevant, M , and Shapiro, L L Arch 
Int Med 38 41 (July) 1926 
Martin, O F , in Osier W , and McOrae, T 
System of Medicine, ed I, Philadelphia, 
Lea & Febiger, 1908, vol 6, p 176 
Howard, 0PM News, Philadelphia, 1904, 
vol 85, p 073 

Lynch, R Canad M A J IT 677, 1927 


Location of Number of Percentage 


Source 

Ulcer 

Cases 

with Ulcer 

Autopsy 

“Peptic” 

? 

5 

Autopsy 

Gastric and 
duodenal 

10,841 

1 32 

Autopsy 

Gastric and 
duodenal 

8 543 

15 

Autopsy 

Gastric and 
duodenal 

3,000 

22 

Autopsy 

Gastric and 
duodenal 

7,700 

206 

Autopsy 

Gastric and 
duodenal 

1,000 

20 2 

Autopsy 

Gastric 

13,005 

4 8 

Autopsy 

Gastric 

47,912 

42 

Autopsv 

Gastric 

59,450 

4 4 

Autopsy 

Gastric 

11,888 

14 

Autopsy 

Gastric 

7,700 

1 558 

Autopsy 

Duodenal 

78,000 

0 297 

Autopsy 

Duodenal 

13,055 

0 26 

Autopsy 

Duodenal 

38,106 

0 41 

Autopsy 

Duodenal 

7,700 

0 57 

Clinical 

Gastric 

339,575 

0 894 

Clinical 

Gas trio 

161,599 

0 57 

Clinical 

Peptic 

944 

145 


who could not letuin to the hospital weie i cached by a letter, eithei 
diiectly 01 thiough then local physician or relatives The duiation of 
obseivation varied fiom six months to thirteen yeais, the average being 
slightly moie than four years 

INCIDENCE 

The number of patients with ulcei entering the medical service was 
1 86 per cent of the total number of admissions to this service This 
agrees fairly well with the incidence of ulcei as given by other observers, 
of which a few of the most representative figures are given m table 1 
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With the exception of Brinton’s 5 per cent and Lehmann’s 20 2 
per cent, there is little variation in the incidence of peptic ulcer Post- 
mortem statistics for ulcer of the stomach apparently fall into two 
groups, those collected chiefly from sources from the continent 
(von Leube, the Fenwicks and Martin) and those from American 
sources (Hemmeter, and Sturtevant and Shapiro) , the former averag- 
ing three times as much as the latter The older papers show the clinical 
diagnosis of ulcer to be less common than the pathologic, but this has 
not been the experience at the Peter Bent Brigham Hospital Present 
clinical observations differ also from the older pathologic reports m the 
relative incidence of gastric and duodenal ulcers Whereas gastric 
ulcer used to be leported as more common than duodenal, the reverse 
IS generally true today ^ In this series there are 398 (71 per cent) cases 
of duodenal ulcer and 135 (24 per cent) cases of gastric ulcers 

Bolton - has quoted figures which suggest that there may be a wide 
variation in the regional distribution of ulcer In an attempt to gam 
some information on this point, we have compared the relative incidence 
of the birthplaces of the patients m our series with those of all the 
patients admitted to the hospital The close agreement between the two 
suggests that there is no racial difference in the susceptibility to peptic 
ulcer, unless it be somewhat higher among the Russian Jews 

Four hundred and five (72 8 per cent) of the patients were males 
and 151 (272 per cent) females Of the patients with gastric ulcers, 
eighty-three were men and fifty-two were women, and of those with 
duodenal ulcer, 307 were men and ninety-one were women Duodenal 
ulcers are generally regarded as occurring much more frequently in 
men,^ but there is a conflict of opinion concerning gastric ulcers * 

Bolton^ concluded that there was no sex difference 

In 1 8 per cent of our cases the patients had coexistent gastric and 
duodenal ulcers Higher figures are given by Judd and Proctor® (16 
per cent) and Perry and Shaw ® (12 5 pei cent) 

1 Lynch, R Canad M A J 17 677, 1927 Eggleston, E L Critical 
Review of 500 Cases of Gastric and Duodenal Ulcer, J A M A 75 1542 (Dec 4) 
1920 Mayo, W J Gastric Ulcer, ibid 65 1069 (Sept 25) 1915 

2 Bolton, C Ulcer of the Stomach, London, E Arnold, 1913 

3 Martin, C F , in Osier, W , and McCrae, T System of Medicine, ed 1, 
Philadelphia, Lea & Febiger, 1908, vol 5, p 176 Lynch (footnote 1, first 
reference) 

4 Riegel, F, in Nothnagel Encyclopedia of Practical Medicine, Diseases of 
the Stomach, Am ed , Philadelphia, W B Saunders Company, 1903 

5 Proctor, O S Surg Gynec Obst 41 63, 1925 Judd, E S , and 
Proctor. OS M J & Rec 121 93 (Jan ) 1925 

6 Perr 3 ', E C, and Shaw, L E Guy’s Hosp Rep 50 171, 1893 
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AGE 

The aveiage age at which symptoms of ulcer were first noticed was 
36 8 yeais (35 9 for males and 37 8 foi females) The youngest 
patient was 6 yeais old, and the oldest was 80 Sixty-four and seven- 
tenths per cent of the cases occuiied befoie the patients were 40 

Chart 1 shows the age at onset in five-yeai periods for both sexes 
The cuive is neaily symmetiical and is similar in appeal ance to those 
given by Ophuls,' Riegel ^ and Mai tin ® It would seem that ulcer as a 
disease of young adults has been stiessed too much 
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Ho 


The question arises whether, in spite of the symmetiical cuives which 
all obtain, the incidence of ulcei duimg the later years of life is not 
actually higher because the number of people in these age groups is less 
than in the eai her ones This would seem to be answei ed in the negative by 
Ophuls,'^ who showed that the latios of the cases in each age group 
remain rather constant after the thud decade, from 2 2 to 3 2 per cent 

In 3 per cent of oui senes, symptoms of ulcei s began before the 
patients were 15 years of age. and in 113 pei cent before they were 20 
Proctor® found an even gieatei incidence in childhood (4 2 pei cent in 
his 2,000 cases) 

7 Ophuls, W A Statistical Survey of 3,000 Autopsies, Stanford University, 
Stanford Univ Press, 1926, p 268 

8 Proctor (footnote 5, first reference) 
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Chart 1 — Age at onset of symptoms of ulcer 
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OCCUPATION 

The occupation of the patient has frequently been proposed as a 
factor in the etiology of peptic ulcer, although most students of the 
subject have been unable to find any connection between the two This 
IS equally true in this series in which the list of occupations numbered 
more than fifty and aie not of related types Since physical exertion also 
has been postulated as an etiologic factor, an attempt was made to 
classify all the cases according to the degree of muscular activity which 
the occupation of the patient entailed Among persons m sedentary 
occupations (professional and executive men, office and clerical 
workers), ulcer occurred m 198, and of those in moderate occupations 
(skilled labor, factory workers, house workers, store keepers, etc ), in 
235 , and among those in strenuous occupations (unskilled labor, 
engineers, etc ), in 123 We do not have any figures as to the ratio of 
these occupations in the general hospital population, but have the 
impression that they are not far different, and that there is no connec- 
tion between ulcer and exertion 

FAMILY AND PAST HISTORY 

There weie only nine families in which peptic ulcer was known to 
exist, four members having died of it In addition, there was a history 
of stomach trouble in thirty-seven which was fatal in nineteen cases 
These figures do not suggest an hereditary tendency for ulcer, although 
Hurst ** stated that he had seen it run m a few families, and Draper 
was inclined to be more positive, describing a definite constitutional type 
foi ulcer 

Thirty (5 per cent) of the patients had hypei tension, and thiity-five 
(6 per cent) had generalized arteriosclerosis, an incidence no greater 
than would be expected in othei persons (at the age periods) 
Smithies found 14 7 per cent of his cases of gastric ulcer with these 
complications, but this seems too small a figure to warrant the assump- 
tion that they play any determining factor in ulcer, as has been claimed 
by Virchow and later by Ophuls No other disease occurred fre- 
quently enough in the past history to suggest an association with ulcer 

SYMPTOMATOLOGY 

Dwation and Periodicity — The average duration of sjanptoms at the 
time of entry was seven years In many patients of course, symptoms 

9 Hurst, A F Bnt M J 1 559, 1920 

10 Seegal, D , Draper, G, and Dunn, H L Human Constitution Clinical 
Anthropometrj", J A M A 82 431 (Feb 9) 1924 

11 Smithies, F Am J M Sc 166 781, 1923 

12 Virchow, R Virchows Arch f path Anat 5 362, 1853 Wilson, C B , 
and McDowell, I E , Am J M Sc 13 208, 1914 
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had existed f oi only a few days or months , in ninety-seven for less than 
a year On the other hand, 63 per cent had had symptoms for 
more than two years, and in many the duration of the symptoms 
extended into decades Six patients had had symptoms for from thirty- 
six to forty years In cases of short duration a diagnosis frequently 
had not been made, but in many of long duration the cause had been 
recognized and the condition treated 

Almost all of the patients had expeiienced periods of lelief from 
symptoms, which occurred as frequently without medical intervention 
as with treatment The remissions were fiom a few months to a year 
in duration and usually exceeded the relapses In a few patients there 
was a remission of ten years and in one of twenty years 

Five hundred and thirty-nine patients of the total 556 had some 
form of abdominal distress Seventeen, or 3 per cent, had none, the 
ulcers being found post mortem or by roentgen examination This is 
somewhat less than was formerly taught, namely, that m about 10 per 
cent of the cases of gastric ulcer and 20 per cent of those of duodenal 
ulcer the condition is symptomless 

One hundred and fifteen (20 6 per .cent) of the patients who had 
distiess said that it was slight, 322 (58 per cent), that it was moderate, 
and 102 (18 4 per cent), that it was intense 

In the great majority of patients (461) the pain was in the upper 
part of the abdomen Those who had the most typical histones of ulcer 
placed it in the epigastrium, and those whose symptoms were more 
indefinite tended to name other regions 

The pain originated m the right lower quadrant in seven, and radiated 
there in five others This is interesting in view of the increasing evi- 
dence of a physiologic relationship between the pylorus and the ileocecal 
region, and because a few patients enter the hospital every year who 
have had appendectomies done because of symptoms which are later 
shown to be due to peptic ulcer 

The pain was typically boi ing, grinding, gnawing or burning in only 
a few (136) Frequently it was not characterized except as “pain” 
In 282 there was a sense of fulness or distention in the abdomen, occa- 
sionally as the only distress, but often associated with belching “Gas” 
was also one of the commonest symptoms, occurring in 392 cases, but 
Its significance is difficult to estimate, for it occurs so frequently without 
ulcer Its frequency in this series suggests that intestinal disturbances 
of a functional nature were also present 

Radiation of the pain occurred in approximately 104 cases The 
most frequent site for the referred pain was the back (fifty-one) Five 
patients had pain referred to the right shoulder, three had cholelithiasis 
and one a subdiaphragmatic abscess, which probably explains the radia- 
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tion Thiee of the eleven patients m whom the pain spiead to the right 
upper quadrant had a pathologic condition of the gallbladder in addition 
to the ulcers Radiation occurred in various directions in thirty-two 
other cases for which no explanation other than ulcer could be found 

Till ee hundred and eight placed the onset of their distress in definite 
relation to meals, and in 252 of these it occurred from one to three hours 
afterward Theie was no apparent dififeience in behavior between 
gastric and duodenal ulceis 

Thiee hundred and eighty-five patients noted lelief from pain after 
taking food, and 394 after taking sodium bicarbonate Forty-eight were 
relieved by the application of pressure or heat to the epigastiium One 
hundred and foity-two were relieved by vomiting, and 140 noticed some 
relief after belching 

Why there is such a wide vaiiance in the amount of pain which 
patients with peptic ulcer experience is not understood clearly There 
IS no sex difference according to our recoids, which also do not disclose 
any association with the duration of symptoms of ulcer or the age of 
onset It IS more piobable that the emotional constitution of the person 
and his susceptibility to pain stimuli determine how bitteily he com- 
plains This IS sti ikmgly ti ue m many cases , yet there ai e other patients 
who, most phlegmatic in all othei respects, suffei extreme pain from 
the ulcers, regardless of the type Unfortunately it has been impossible 
to analyze our hospital cases from this standpoint 

Nausea and V omitmg — A considerable number of patients had 
nausea (196) or vomiting (356) during the periods when the ulceis were 
giving pain In most cases the cause of these symptoms was not evident, 
although apparently they were due to a large retention in thirty-five 
cases Occasionally it seemed, m observing individual cases, that the 
vomiting was the result of the severity of the pain that the patient 
experienced , ) et this could not account, at most, for more than seventy- 
six Riegel ^ described a case in which vomiting was the outstanding 
symptom Twenty-five cases in this series might be so classified 

Condition of the Bozvels — Constipation was a symptom in 290 
patients A few were constipated only during their attacks of ulcer pain 
Six had diarrhea at this time, and four were troubled with alternating 
constipation and diarrhea Such associated disturbances of the bowels 
suggests that an ulcer in some instances may disturb the whole intestinal 
tract 

Weight — One hundred and twenty patients of the cases m which 
weight was mentioned lost during their attacks of ulcer distress, the 
loss varving from 5 to 50 pounds (2 3 to 22 7 Kg ) Only five gained 
weight during their illness In the other 168 cases, a change in weight 
did not occur 
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LABORATORY DATA 

While blood cell counts weie made in all but fourteen cases One 
bundled and sixty-eight patients had a leukocytosis (over 10,000) In 
twenty- five cases peif oration had occuiied The condition in thiee cases 
was due to a complicating disease such as pneumonia Sixty-six were 
patients who had bled and showed the mild inciease associated with 
secondary anemia In seventy-four cases, however, theie was nothing 
to account foi the leukocytosis It seems impoitant to beai this in mind, 
since the observation of an abnoimal white count in an otherwise simple 
case of ulcer sometimes causes undue appiehension Red blood cell 
counts, as well as the examinations of the stools, weie of interest only 
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Chart 2 — The highest values of free hydrochloric acid in the gastric analyses 
of 414 cases of peptic ulcer 

in relation to hemoiihage and aie taken up under that heading The 
blood piessuie and urine weie of no significance unless they gave 
definite evidence of aiteiial oi renal disease 

Gastric acidity in cases of ulcer is of interest in view of the different 
opinions held conceimng its impoitance in diagnosis, the causation of 
pain and its effect on healing A gastiic analysis was done on 414 
patients A test meal of 60 Gm of white biead and 200 cc of water 
was given, and the contents lemoved fractionally with the Rehfuss tube, 
or completely at the end of an hour with the Ewald tube The highest 
value of free hydiochloric acid has been recoided in terms of the 
number of cubic centimeteis of tenth noimal sodium hydroxide neces- 
sary to neutialize 100 cc of gastiic contents, as shown in chart 2 
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Values were recorded on patients from 0 to 150 Appi oximately 
50 per cent of the patients had a free acidity of fifty points or more, and 
25 per cent of the total had a free acidity of seventy or over The 
majority of the patients, therefore, may be said to have a hyperacidity 
On the other hand, one fourth of all the patients had a normal lange of 
from twenty to forty points of free acid, and 9 per cent had twenty 
or less 

When the acid values vary so freely through such a wide range, the 
gastric analysis can be of little diagnostic value in the individual case 
Moreover, the not infrequent custom of diagnosing the presence of an 
ulcer on the basis of an existing hyperacidity does not seem warranted 
when the tendency for the ulcer to occur with hyperacidity is no greater 
than represented by this series 

There is a wide range of opinion among writers concerning the 
ability of ulcers to develop and persist in the absence of free acid, and 
concerning the possibility of an ulcer giving typical distress of ulcei in 
the absence of free acid 

An analysis of the results for ten patients who were found to have 
no free hydrochloric acid in their gastric contents shows that the condi- 
tion in one was in association with pernicious anemia, and doubtless a 
tiue achylia gastnca This patient had never experienced distress from 
ulcer, and the characteristic deformity of duodenal ulcer was discovered 
in a routine roentgen examination The evidence for absence of free 
acid in the other cases is unconvincing Five of them had a high com- 
bined acid Three others showed free hydrochloric acid when they weie 
given a large meal, or when aspiration was done during a period of dis- 
tress In the last case, only one specimen of gastiic juice was obtained, 
and a test for pepsin was not made There is no proof, then, that true 
achylia gastnca occurred m any uncomplicated case in this series 

There are no data on these patients which show the relationship of 
acid to pain, since special woik has not been done in this connection 

The usual amount of distress caused by the ulcer was compared with 
the highest acid values found m the patients’ routine gastric analysis 
Table 2 shows that about the same proportion of patients in each acid 
group had severe pain, and that in general the degree of distress was 
not related to the degree of acidity This is in agi eement with the work 
of Carlson and Bolton ® It is true that in cases in which nocturnal 

13 Eggleston (footnote 1, second reference) Bolton (footnote 2) Moynihan, 
B Bnt M J 1 221, 1923 Carlson, A J Am J Physiol 45 81, 1917 
Rejnolds, L, and McClure, C W Motor Phenomena Occurring m Normal 
Stomach m Presence of Peptic Ulcer and Its Pam, as Observed Fluoroscopically, 
Arch Int Med 29 11 (Jan) 1922 

14 Carlson (footnote 13, fourth reference) 
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distress occurred, the acid ^alues were a trifle higher than for all the 
cases, but this was so slight as to be ^v^thout significance, averaging 
fifty-one for all cases and fiftj-five and nine-tenths for those with 
nocturnal distress Pain at night in this condition, however, mai be 
dependent on a continuous night secretion 

To what extent does the degree of acidit}' influence the healing of 
an ulcei ^ This answer could be i cached best by following a senes of 
cases from the onset of simptoms thioughout life Although this is 
rarely possible some idea should be gained by comparing the acid i allies 

Table 2 — A Compmison of the Amount of Pain zoitJi the F>ec And in the 
Gastnc Analvsis of 414 Cascz of Peptic Ulcei 


Percent ige 


Highest Values of Hydrochloric \cid in Gastnc -Inalvsis 

None 

Slight 

Moderate 

Severe 

0 

7 

26 

59 

S 

0-10 

0 

17 

61 

22 

11 - 20 

0 

40 

45 

15 

21 - SO 

0 

35 

50 

15 

31-10 

2 

IS 

63 

17 

41-50 

7 

la 

67 

11 

51 - GO 

0 

16 

70 

14 

Cl - TO 

3 

13 

63 

21 

71 - SO 

0 

19 

60 

21 

SI - f>0 

S 

21 

50 

21 

91 -100 

0 

41 

41 

IS 

101 -no 

0 

16 

68 

10 

no -120 

0 

0 

60 

40 


Table 3 — A Conipanson of the Gastnc Analyses of Patients zoith Ulcei Having 
Symptoms of Las Than One Vcai zvith Patients zvitli Ulcei Having 
Symptoms foi Tzoenty Yeais ot hloie 


Acid Valjies 

Less Than 1 Tear 

More Than 20 Tears 

0-10 

0 

O 

11 - 20 

2 

1 

21 - 30 

o 

7 

31 - 40 

10 

3 

41-50 

6 

T 

51-60 

6 

10 

61-70 

4 

3 

71 - SO 

1 

7 

81-00 

4 

1 

01 -100 

1 

1 

101 -110 

1 

O 


in long-standing cases of ulcer with the acidity in cases of recent origin 
There were thirty-eight cases with symptoms for twent}’- } ears or more 
and these were compared with an equal number of cases with symptoms 
of less than one yeai (table 3) No essential difference occurred in the 
acidity of the two groups 

ROENTGEN EXAMINATIONS 

X-ray studies weie made in 510 cases in our series, and definite 
ulcers were shown in 474 (93 per cent) X-ray pictures failed to show 
the ulcer in thirty-six cases (7 per cent) , eighteen of the latter were 
shown to have an ulcer at operation , six, in addition to typical svmptoms 
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had had one or more hemorrhages, and the diagnosis m twelve was based 
on the history and reaction to treatment alone Sixteen of the patients 
were seen before 1919, m the developmental period of the radiographic 
signs of ulcer, and one would expect more cases to be missed then than 
now In the hands of a skilled roentgenologist, a definite diagnosis of 
ulcer can be relied on A negative roentgen examination with a good 
history is probably not of so much value, for an ulcer may be so situated 
that It cannot be demonstrated 

COMPLICATIONS 

Hemoithage — Riegel ^ reported that one third of all patients with 
ulcer sufifer from gross hemorrhage according to the statistics of dif- 
ferent observers and he felt that this proportion would be even higher 
if all the blood lost m the stools could be known Osier and McCrae 
concluded, from various authorities, that hemorrhage occurred in from 
25 to 60 per cent of all cases of gastric ulcer, with an average of 28 per 
cent, and in about 50 per cent of the cases of duodenal ulcei Later 
writers found a smaller percentage Thus, Mayo reported that hemor- 
rhage occurred in 17 pei cent of cases of gastric ulcer and 15 per cent 
of the cases of duodenal ulcer , Eggleston reported this condition in 
19 per cent of his 500 cases Our figures correspond with those of the 
older observers, for 194 (34 8 per cent) patients m this series had one or 
more gross hemorrhages These do not include that unknown number 
of patients who have doubtless lost such small amounts of blood as to 
escape notice and those in whom the ulcers were found to be oozing, 
if these were included, the percentage would be 40 or more 

The importance of this complication, both for the life of the patient 
and for the economic disability that it entails, has not been emphasized 
sufficiently m recent yeais Its gravity is apparent when it is seen that 
eight patients died from loss of blood This is 4 1 per cent of the cases 
in which hemorrhage occurred, and is 1 4 per cent of the series Four 
patients died fiom a single hemorrhage and four aftei several of them 

Examination of the blood and stools showed that eighty of these 
patients were definitely anemic at the time of their entry into the hospital 
(fourteen had from 1,000,000 to 2,000,000 led blood cells per cubic 
millimeter, thirt}^-two had from 2,000,000 to 3,000,000, and thiity-four 
had from 3,000,000 to 4,000,000) Twenty-four patients who showed no 
evidence of anemia had typical tarry stools Thirty-one otheis showed 
occult blood in the stools without anemia The remaining fifty-nine, at 
one time or another during the course of their disease, had a recog- 

15 Osier, W , and AtcCrae, T System of Medicine, ed 1, Philadelphia, 
Lea & Febiger, 1908, ^ol 5 

16 Maj'o (footnote 1, third reference) 

17 Eggleston (footnote 1, second reference) 
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nizable gross hemoiiliage, which, on entry, did not show any effect on 
the blood or feces In addition, theie were sixty patients who had never 
had a definite hemorrhage who showed microscopic blood in the stools 
Hemorrhage was the first indication of the presence of an ulcer in 
twenty-five cases Sevent 3 '--thi ee patients had a gross loss of blood 
within the first two years The time at which the other patients bled was 
rather evenly distributed over a period of from two to twenty-five years, 
eleven patients having done so after twenty years It appeared that 
after a rather high incidence m the first two years, the tendency for 
hemoirhage to occur dropped to about 23 per cent and lemained there 
The numbei of cases is too small, however, to justify a definite 
conclusion 

The patient’s age at the time when symptoms of ulcer first develop 
seems to be related to the danger of hemorrhage 

Table 4 shows a steady increase in the tendency of ulcers to bleed 
as they develop m patients from youth to old age An ulcer found in 


Table 4 — The Age of Onset of Symptoms of UIcct as Compaied with the 

Tendency to Hemoi > hage 


Age m Decades 

Number Cases Tvith 
Hemorrhage 

Percentage m Each 
Age Group of Senes 

10 - 20 

1 

1 5 

21 - 30 

31 

22 

31-40 

60 

39 

41-50 

45 

41 

51-60 

30 

67 

01-70 

14 

03 

71 - SO 

4 

80 


a man 50 years of age should be looked on as more likely to bleed if 
recently acquired than if of long duration 

Theie was a greater propoition of males than females m the cases 
with hemoirhage, for 150 patients in the series were males, and 
forty-foui were females This is 37 per cent of the male group and 
29 per cent of the female group There was also a greater proportion 
of vascular disease m the cases in which hemoirhage occuired than in 
the whole series Fifteen of the patients had hypertension, and 
seventeen had geneiahzed ai tenosclerosis Approximately one half of 
the patients with a blood pressure of 160 or more have bled 

No othei factois were found which were related to hemorrhage 
The patient’s customary degree of activity did not play any role 
Seventy of the cases with hemorrhage occuiied m persons who were in 
sedentaiy occupations, seventy-eight in those doing a moderate amount 
of work and forty-six in those doing strenuous physical work The same 
values of free hydiochlonc acid in the gastric contents occurred m these 
cases as m the whole group The amount of pain experienced by these 
patients was not different fiom that m others w^ho had not bled 
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Recurring hemorrhages wei'e fiequent Foity per cent of the 
patients that bled had moie than one hemoirhage, and 15 per cent had 
“several” or “many ” The patient in the most extreme case had one 
or more annually foi twenty-five years More than one half the 
patients had a second hemorrhage within a year after the first, which 
agrees with Riegel’s * observations that a second hemorrhage usually 
occuis soon aftei the first, on the other hand, many had a second 
hemorrhage only after a lapse of several years 

Pofoi ation — Thirty-eight patients in the series (6 8 per cent) 
suffered acute peiforation of the ulcei This is in substantial agree- 
ment with the older writers (Fenwick,^® 5 5 pei cent, Mai tin,® 3 4 
per cent) 

Death occurred m eleven cases, or 28 per cent, but those who 
lecovered did not expeiience any ill effects as far as their general con- 
dition was concerned Thirty-one patients weie males (7 6 per cent) 
and seven females (4 6 per cent) Why these ulcers perforated and 
the others did not is no moie apparent than why certain ulcers bleed 

The age of the patient at the time of onset does not bear any appar- 
ent relation to perforation An ulcer may peiforate at eithei extreme 
of life (two peiforated before the patients weie 20 years of age 
and two after the patients weie 60 years of age) but usually the per- 
forations occui during the middle period when the disease is most 
common 

Approximately one fourth of the patients had experienced ulcer 
distress for only a short time before perfoiation occui red These are 
the diamatic cases which contribute to the idea that young ulcers are 
more likely to rupture than older ones Indeed, the leverse may be 
true , for as Brown has pointed out, the absence of ulcei distress 
before perforation does not indicate that the ulcei is acute In our 
experience, the cases of peiforation were divided equally between the 
different age groups Most patients do, in fact, have distress for a 
long time before perfoiation occurs, eight of the thiity-eight patients 
had had symptoms for more tharf ten years 

In seven of the cases in the series there was chronic perfoiation 
of the ulcer foui of them were gastric, one had broken through the 
posterior wall of the stomach and was walled off by the liver and omen- 
tum , one, on the lesser curvature, after causing an hour-glass deformity 
perforated into the duodenum , another, on the lesser curvature, had bur- 
rowed into the pancreas, and one had penetrated the liver One duodenal 

18 Fenwick, S , and Fenwick, W S Ulcer of the Stomach and Duodenum, 
Philadelphia, P Blakiston’s Son & Company, 1900 

19 Brown, K P Edinburgh M J 32 207 (April) 1925 
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ulcer was completely walled off b) local adhesions, another by the gall- 
bladdei and the last had enteied the panel eas and caused death by open- 
ing a large artery 

Cancel — The incidence of ulcei as a foreiunnei of caicinoma is a 
subject of considerable discussion at present and there has been 
much conflicting evidence hi ought forward 

One hundred and twenty-nine of the 135 patients with gastric ulcei 
111 this senes have not shown any evidence of carcinoma to date 
Eighty-eight of them were examined at operation or pathologically , the 
condition in the lemainder was diagnosed only by histoiy and loentgen 
observations The average duration of symptoms was nine }ears, and 
the aveiage follow-up m the 103 cases that weie tiaced was foui and 
a half jeais For an aveiage observation peiiod of thirteen and a 
half }ears, therefore, caicinoma has not been detected in them The 
remaining six cases weie as follows 

One, a man, aged 51, who had been ill for one yeai, died of cancer 
of the stomach with extensive metastases one yeai after his hospitaliza- 
tion Although the condition was diagnosed as ulcer at the time, later 
e\ents make it piobable that this was a case of cancer from the start 
The second case was also doubtful The patient was a woman with 
S}mptoms of ulcei extending over a period of twenty-five years, in 
whom the x-iay picture showed a gastric ulcei at the pyloius Despite 
this fact, she was clinically thought to have cancer and, therefore, has 
been included at this point Unfoitunately, she lefused an operation 
and attempts to follow her have not been successful 

A man, aged 58, who had been ill foi four years, showed carcinoma- 
tous changes m the ulcei at opeiation, and died three yeais later of can- 
cer Similarly, a man, aged 46, who had been ill for two and a half years 
with a condition diagnosed as ulcer was found to have a suggestive lesion 
at operation , he died four months later of cancel with metastases The 
fifth case was that of a woman, aged 65, who had had symptoms for 
ten years, and who at operation showed malignant changes m the edges 
of the ulcer The last case was in a man, aged 46, with the same dura- 
tion of symptoms, who at opeiation and by pathologic examination was 
reported to have a simple ulcer of the lessei curvature, yet he died 
of adenocarcinoma of the stomach four and a half years later without 
intervening relief from sjanptoms 

20 Freeman, F P , and Flmn, I Tr Am Gastro-Enterol A , 1925, p 20 
Campo, G Siglo med 77 193 (March) 1926 Stewart, M J Bnt At J 2 882 
(Nov) 1925 Lawrence, J, and Bock, C Boston At & S J 195 651, 1926 
Wilson, L B , and AtacCarty, W C Am J At Sc 138 846, 1909 AtacCarty, 
W C , and Broders, A C Chronic Gastric Ulcer and Its Relation to Gastric 
Carcinoma, Arch Int Ated 13 208 (Feb ) 1914 
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Three of the patients may not have developed the cancer from 
ulcer Assuming that they did, only 44 per cent of the patients with 
gastric ulcer to date are known to have shown evidence of a malignant 
condition 

In none of our patients with duodenal ulcer has the condition become 
malignant This is a rare event, but occasionally has been reported 

Retention — In 135 cases (34 per cent) some delay was shown in 
the emptying time of the stomach This was determined by roentgen 
examination six hours after a standard meal m 130, and clinically or 
by operation alone m five cases Retention was apparently due to 
pyloric spasm in ninety-two Some degree of organic obstruction was 
present in only forty-three cases, this was moderate in sixteen and 
marked in twenty-seven In 24 pei cent of the patients with duodenal 
ulcer, retention was produced, and in 17 per cent of those with gastric 
ulcer 

The development of obstruction seems to be an individual chaiac- 
tenstic, for analysis of the cases revealed no constantly associated 
condition Sex was found to be irrelevant Eight and a half years 
was the average duration of symptoms of ulcer in these patients, but 
frequently they occurred much sooner There was no association 
between obstruction and the amount of gastric acidity The amount of 
pain experienced was comparable with that given by the entire group 
with ulcers Thirty-eight of the forty-three patients with organic 
obstruction had vomited more or less frequently, but it was the out- 
standing symptom in only three 

The importance of letention in prognosis is hard to estimate 
Patients with this symptom as a gioup did no better and no worse 
than the othei patients If letention is due to oiganic changes, the 
problem of course becomes one for surgeiy rathei than for medicine 

Horn -Glass Defoinnty — An hour-glass deformity occurred in six- 
teen cases as shown by the x-ray picture Six of these were spasmodic, 
no deformity being found at operation In all except two cases 
the ulcers were situated on the lesser curvature of the stomach, 
one of these was on the posterior wall of the stomach near the lesser 
curvature, and the other in the duodenum with an associated 
contracture of the stomach In one of the thirteen patients who came 
to operation the ulcer appeared to be healed The rest showed open 
craters surrounded by some infiltration, and three had become adherent 
to the pancreas One had formed a fistulous communication with the 

21 Ewald, C A Berl klin Wchnschr 32 527, 1886 Eichhorst, H Ztschr 
f klin kled 14 519, 1888 Boxwell Lancet 2 1687, 1907 Mayo, W J Ulcer 
of the Duodenum, J A M A 51 556 (Aug 15) 1908 Letulle, M Bull Soc 
anat de Pans 11 741, 1897 
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duodenum -- Ele^ en occui red m femaleh and fi^ e m males This 
obseivation agiees with the impression of otheis that hour-glass con- 
ti action OCCUI s more fiequentl) m females All these patients 
expel lenced Epical symptoms of ulcer although they weie complicated 
b} SMuptoms of obstiuction The}’’ complained of fulness or a lump 
aftei small amounts of food were taken The sensations were intense 
m foui model ate in ten and mild in t\\o As a result, it was some- 
times difficult to obtain a good histon of relief from eating 

No good cause was found to explain the oiganic stricture One 
patient had s}phihs, but antisyphihtic theiapy had no effect on the 
lesion None showed malignant changes, and all have progiessed faiil) 
well Fouiteen have been followed foi an average of five }eais, 
none has died, and most of the patients aie in good condition 

ASSOCIATED DISEASES 

Pidmona) y Tubci culosis — Thirt} patients (5 4 per cent) had pul- 
monai} tubeiculosis, which was consideied inactive in eighteen and 
model ateh advanced in fiAe, it was the cause of death in one An 
cictne piocess did not seem to influence the course of the ulcer, noi was 
theie an^ gieatei association of the E\o diseases than one would expect 
This disagrees with some of the oldei writings 

Svpluli<i — The 1 elation of syphilis to ulcei also has been stressed 
dm mg the past, but theie was no greatei incidence m these cases than 
111 the geneial admissions to the hospital A Wassermann test was 
done on the blood of 433 patients and was positne in only 26 (6 per 
cent) Twelve of the patients had a duodenal ulcei, and five a gastric 
ulcei One patient had marked obstiuction from a duodenal ulcei and 
leceived onh antistphihtic treatment At the end of two years all 
obstructne symptoms had disappeaied, although typical ulcer distress 
was still piesent This is the only case in which theie was clinical 
eMdence that syphilis influenced the ulcer In addition, three of the 
patients weie opeiated on, and no evidence of syphilis was found in 
the ulcei or stomach 

Foci of Infection — Theie was no eMdence that canons teeth,' 
diseased tonsils oi sinusitis occui red moie frequently m this series of 
cases of ulcei than should be expected m any group of peisons One 
hundred and eighty weie said to ha\e bad teeth, fort} -two had had 
tonsillectomies and twenty-five others had pathologic changes in ''the 
tonsils > b 

1 

22 Monroe, R T Am J M Sc 174 579 (Nov) 1926 

23 Dreschfeld, J J Allbutt and Rolleston System of Medicine, New York, 
The Macmillan Companj", 1910, vol 3, p 446 Lisa, J R Surg G}mec Obst 41 
664 (Nov ) 1925 Surmont, H Medicine 7 772, 1926 Cade, A , and Ravault, P 
Am J M Sc 174 579 (Nov) 1926 
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The condition of the gallbladder Avas noted in 228 cases, and was 
found to be normal when examined at opeiation foi ulcei in 168 and 
by loentgen examination in twent 3 ’^-nme A diseased gallbladdei was 
found in twenty-five cases at operation and in six, oi 13 per cent, by 
cholecystograms 

The appendix was noted in eighty-nine cases Thirty-fiA^e patients 
had had their appendix removed during an acute attack, but only 
twenty-five of these occuried after the onset of symptoms of ulcer 
Eighteen had had appendectomies as a means of treatment for ulcei s 
Examination of thiit 3 ^-five appendixes removed incidentally dining an 
operation for ulcer levealed pathologic processes in only four 

DEATH 

Seventy-six patients aie dead, thiity-five died of causes not i elated 
to ulcei , twenty patients died from ulcers, if the six with gastric 
cancer are included, eight died of hemorrhage and six of perforation 
of the ulcer without operation Tiventy-one others died following an 
operation undertaken to cuie the ulcei s This series, therefoie, suftered 
a mortality from all causes of 13 6 per cent (or 7 2 per cent fiom 
ulcer) 

RESULTS 

The lesults of tieatment have been observed in 460 cases which 
have been followed foi periods vannng fiom one half to thiiteen ^ears, 
the average being somewhat moie than four 

INIany of the patients had more than one kind of treatment (460 
cases having recened 562 couises of treatment), so that the average 
obseivation period for a paiticular foim of theiap) may be more or less 
than the general average It is important to keep this in mind Avhen 
consideiing results, particularly of medical as compared with suigical 
methods, for the average duration of follow-up in the medical cases is 
onl^ two and one-half )^ears, wheieas in the cases requiring suigical 
measures it is slightl) moie than four This difference is due to the fact 
that the great majorit}'^ of patients who enteied in the eail} period of the 
hospital’s existence were operated on 

To obtain a satisfactory classification of lesults, a two-fold system 
was adopted Depending on the evidence derived from caieful question- 
ing and examination, patients were divided into three groups, labeled 
“good,” “impio\ed” and “unimpioved” Once the patient’s group was 
detei mined, his attitude toward the treatment was classified as “satisfied” 
01 “not satisfied ” 

Those were called “good” who, since treatment was concluded, haAC 
experienced no discomfort of any kind, either fiom the ulcer oi fiom 
the treatment itself While the latter lequirement excludes a certain 
number that might be included bj' other investigators, it does not seem 
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logical to assert that a patient is entirel} well in -whom dining the pioc- 
ess of becoming so, other s}mptoms than the original ones liaie been 
produced In regard to what constitutes s}mptoms of ulcer theie is 
unfoitunatel} , no complete agieement We, theiefoie, ha\e had to use 
our own judgment Although a complete presentation of oiii Mews 
cannot be given here, it may be said that we do not agiee with the 
idea that ulcers do not cause a specific gioup of symptoms On the 
contrary, ulcers cause a distinct t}pe of distiess. but it ma} requiie 
much time and patience to separate it from othei associated discomfoits 
A patient, theiefore, having distiess occuning at tjpical peiiods and 
rebel ed by food and alkali, was consideied to haie ulcei distiess and 
w^as not classified as “good ” No mattei how'’ mild this distiess might 
be. It was sufficient to lemove him fiom this class In the few boider- 
hne cases, as it w^as knowm that an ulcei had been piesent, it seemed 
faiiei to assume that the simptoms w'^ere due to ulcer than that they 
w'’ei e not 

Patients in the “impioied” group suftei at times fiom simptoms of 
ulcei, but, foi one cause or another, are bettei foi having been tieated 
In some, the symptoms aie milder, in othei s, the i emissions aie 
defimtel} prolonged In the suigical gioup a few' patients aie included 
in whom the obstruction has been lelieved eien though the simptoms aie 
not affected, unless the) are so severe as piactically to incapacitate the 
patient In the “unimproved” group are placed all patients w'ho at the 
time of observation were obviously no better than befoie the) undei- 
w'ent tieatment 

After each patient had been thus classified, he w'as asked to expiess 
his satisfaction, oi lack of it, wnth the results of tieatment If no definite 
answ'er was forthcoming, it w'as usuall) possible to obtain an adequate 
impression b) his wnlhngness to undergo similai tieatment again with 
the hope of obtaining similar results In the case of the few' w'ho did 
not return foi a personal inteiiiew', it w'as estimated fiom the tone 
ot their letteis or those wiitten by then i datives As shown in table 5, 
the two forms of classification agieed extiaoidinanl) w'dl 

Table 5 shows the geneial results of treatment Theie w'as only a 
little difference in the behavior of patients with gastiic and those with 
duodenal ulcei s, and, in ordei to simplify matters, the) haie been 
grouped togethei The first column show's that as a lesiilt of treat- 
ments given to patients 37 8 per cent show'ed good lesults and the patients 
w'ere satisfied, 40 6 pei cent did not show am improvement and the 
patients w'ere not satisfied and 21 6 per cent showed improvement In 
other w'ords, only 60 per cent w'eie benefited b) treatment of all sorts 
given ovei a thirteen )'ear peiiod 

In the next column aie show'ii the lesults in foit)-thiee patients 
in whom ulcei s weie not tieated, and who, theiefore, sene as a control 
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group The leasons foi lack of treatment aie various, some patients 
lefused it, some weie in peiiods of remission, and it was not advised 
The follow-up lecord shows that untreated patients acted in general 
about the same as treated patients, in 23 2 per cent results weie good, 
in 25 6 per cent impiovement was shown, and in 51 1 per cent of 
the patients the condition was unimproved There weie, thus, only 10 5 
pel cent fewei failures m those who weie treated than in those who 
were not 

One hundred and eight 3 ''-six patients were tieated by some foim of 
medical i egimen without a previous operation In 29 8 per cent thei e 
weie good results and the patients weie satisfied, in 20 pei cent 
theie was impiovement and the patients weie satisfied, in 15 per 
cent theie was improvement but the patients were not satisfied, and in 
48 7 pel cent theie was no impio\ement and the patients were not 
satisfied 


Table S — Results of 'Iicatmcuf of Patients zvitli Ulcei 



All 

Treatment 

No 

Treatment 

Medical* 

Treatment 

Surgical-f 

Treatment 

Result 

No 

Per Cent 

No 

Per Cent' 

No 

Per Cent 

No 

Per Cent 

Good and satisfied 

196 

37 8 

10 

23 2 

55 

29 8 

111 

44 8 

Improved and satisfied 

85 

16 3 

11 

250 

37 

20 

23 

92 

IraproA ed not satisfied 

28 

53 



4 

1 5 

14 

56 

Unimpioied, not satisfied 

210 

40 6 

2-2 

51 1 

90 

48 7 

100 

40 0 

Totals 

519 


43 


186 


248 



* Medical treatment m cases not having- had operation before The average observation 
period for medieal cases was two years and five months 

t Excluding cases of perforation The average observation period for surgical cases was 
four jears and one month 

Two bundled and foity-eight patients weie treated by surgical 
measuies excluding those in whom an acute peif oration was present 
Such a condition demands emergenc}' methods and is not strictly com- 
parable with opeiations performed under more favoiable conditions 
As a result of these measures, 44 8 pei cent of the patients showed good 
results and were satisfied, 9 2 pei cent showed impiovement and were 
satisfied . 5 6 pei cent showed improvement but were not satisfied, and 
40 4 pel cent did not show improvement and weie not satisfied 
Surgical measures have given complete relief to date to more patients 
than medicine, 446 as compared with 29 8 per cent Theie were also 
fewei patients unimproved when surgical measuies were used than 
when medicine was prescribed , 40 6 as compared with 48 7 pei cent 
These figuies, however, cannot be compared too closely As aheady 
pointed out, the average period of observation foi the two methods is 
difiterent The condition of the failures in the unimproved groups must 
also be considered 
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Ihe chief leasons for failuie of treatment aie sho\\n m table 6 
A few moie patients failed to obtain lelief from pain by medical tieat- 
ment than by surgical piocediues There were also moie patients who 
bled following medical than following surgical tieatment, but the 
diffeience m this legaid is slight Thus 12 9 pei cent bled following 
treatment with medicine and 8 pei cent following suigical mtenention 
There were eight patients leceivmg medical treatment uho were 
dissatisfied with the results of treatment, although the} weie classified 
as improved None of the patients who were improved as a lesult of 
surgical measuies was dissatisfied This seems to be laigeh a tem- 
peiamental factoi Obstiuction was as common after suigical as aftei 

Tabll 6 — Reason jot Eathac of licaf incut 



Medical 

Surgical 

Pam 

53 

37 

Hemorrhage 

24 

20 

Obstruction 

S 

14 

Dissatisfaction 

Jejunal ulcers 

5 

b 

Fistulas 


4 

Death 

3 (13% of all 

19 (G 9%, died following operation) 


medical) 

7 (died of ulcer later) 

2 (died of secondarj operation) 


Table 7 — Result of Fui thci Ticatincnf 


Good and satisfied 
Improved and satisfied 
Improved, not satisfied 
Unimproved, not satisfied 


Medical Treatment 
after Surgical 


Surgical Treatment 
after Medical 


Numbei 

Pei Cent 

Number 

Per Cent 

15 

319 

18 

35 6 

16 

34 0 

S 

15 0 

2 

42 

S 

58 

14 

30 0 

22 

431 

47 


51 



medical tieatment Failures of a puiely surgical nature weie as fol- 
lows Six had definite jejunal ulceis and four others developed fistulas, 
three into the colon and one into the duodenum Three patients who 
were treated with medicine died from hemoirhage, a mortalit} of 1 3 
pel cent Twenty-eight patients who were treated surgically died 
seven of ulcei at some time aftei discharge, two following operations 
performed for the lepaii of gastiojejunocohc fistulas, and nineteen as 
a direct lesult of opeiations foi the cure of ulcer This is a mortality 
of 6 9 pel cent, the total numbei of operations perfoimed being 275, 
excluding the cases in which perforation occuired and including the 
cases that were not followed 

Many patients who have been unimproved by one form of tieat- 
ment aie likely to try another form subsequently Table 7 shows 
the results in this gi oup of patients 
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Fifty-one patients resorted to surgical procedures aftei failure of 
medical treatment, and forty-seven patients who had had surgical treat- 
ment took a medical regimen Seventy per cent of those whose 
subsequent tieatment was medical shovted good lesults or impioved, and 
57 pel cent of those who latei chose opeiation showed good results 
or impioved Comparison of the results shown in table 7 with those 
in table 5 shows that medical treatment following suigical treatment 
a:ave somewhat better results than medical treatment alone On the 
other hand, the lesults following surgical inteivention m cases m which 
treatment with medicine was unsuccessful weie not so satisfactoiy as in 
those cases in which medical tieatment had not been tried As a whole, 
the tables are not so dissimilar What significance, if any, can be 


Table 8 — Results of Vanous Medical Pi ocedui es 




Percentage 

Percentage 

Percentage 

Percentage 


Number vv ith Good 

Improved 

Improved, 

Unimproved, 


of 

Kesults and 

and 

Not 

Not 

Treatment 

Oases Satisfied 

Satisfied 

Satisfied 

Satisfied 


A 

Gastric Ulcers 




Medical treatment undefined 

3 




100 

Six meals and alkali 

30 

26 7 

26 7 

33 

43 3 

Sippy treatment adiised 

2 

SOO 



500 

‘'ippj treatment partial 

3 

66 7 



33 3 

4 S 1 PPJ treatment complete 

3 

33 3 

33 3 


333 


B : 

Duodenal Ulcers 




Medical treatment undefined 

16 

23 0 

18 7 

63 

500 

Six meals and alkali 

104 

23 0 

26 9 

20 

481 

Sippj treatment adiised 

15 

33 3 

13 3 


33 4 

sippj treatment partial 

2- 

371 

14 8 

37 

44 4 

Sippy tieatment complete 

is 

52 0 

26 0 


22 0 

C 

Coincidental 

Gastiic ind Duodenal Ulcers 



Medical treatment undefined 






Six meals and alkali 

1 


100 



Sippj treatment advised 

1 




100 0 

Sippj treatment partial 

1 

100 0 




Sippv treatment complete 

2 

100 0 





attached to these figuies is not particulaily eiident The}- suggest that 
a second tieatment will again accomplish results similar in proportion to 
the fiist, but that the first tieatment rvas not necessarily an unwise 
choice 

The results of each tieatment have been tabulated in tables 8 
and 9 according to the location of the ulcer The vanous surgical 
piocedures haie been grouped undei eight heads Simple excision 
included complete lemoial of the ulcei, with or without cauteiy, and 
the Heineke-Mikulicz type of pyloioplasty Gastro-entei ostomy alone 
has been separated from othei technical piocesses often employed with 
It such as plication of the pylorus, division (tiansection) of the pylorus, 
lemoral of the pvloius or antrum oi both (the Pol)'-a or Billioth opeia- 
tions) and excision of the ulcer alone The Finney type of pyloioplasty 
was kept distinct Sleeve lesection means the removal of a poition of 
the stomach wnth lepaii m continmt) Vanous pi ocedui es to fit the 
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paiticular cases were used in patients with acute peifoiations but in 
Older to simplify analysis they have been placed in t^^o gioups with 
01 without gastio-entei ostomy Individuality of piocedure was 
necessaiily lequned m the patients with chionic pei f orations, and these 
cases have not been analyzed sepaiatel} No operation foi subtotal 
gastrectomy foi ulcei was peifoimed in this senes 

Medical tieatment undefined included the cases of patients who weie 
sent home foi tieatment b}'’ then local physician and in whom the type 


Table 9 — Results of Vat tons Stngical Pt ocednt cs 




Percentage 

Percentage 

Percentage 

Percentage 


Number 

jjitli Good 

Improved 

Improjed, 

Unimprojed, 


of 

Results ind 

and 

Not 

Not 

Treatment 

Cases 

Satisfied 

Satisfied 

Satisfied 

Satisfied 


A Gastric Ulcers 




Simple excision 

15 

97 

20 0 

13 3 

COO 

Gastro enterostomj 

11 

181 


181 

G3 G 

Gastio enterostomj and excision 

17 

58 S 

59 

5 9 

29 4 

Gistio enterostomj' and resection 






of mtium 

e 

1G7 

33 3 


50 0 

Sleeve lesettion 

7 

45 0 

28 C 


280 

Pj'loroplastj (Dinney) 

2 

50 0 

50 0 




B Duodenal Ulcers 




Simple excision 

13 

30 7 



COS 

Gastio enterostomj 

7S 

52 5 

V 1 

51 

340 

Gastro-enterostomj and excision 

IS 

Co 7 


5 5 

27 8 

Gastro-enterostomj and division 






of pj’lorus 

14 

■)71 

7 1 


35 7 

Gastio enteiostomj and excision 






of pjlorus 

9 

44 4 



55 0 

Gastio enterostomj' and plication 






of pjlorus 

22 

54 5 

18 2 


27 3 

Pjloroplastj' (Finnej) 

32 

37 5 

03 

12 4 

40 0 

C Coincident il Gastiie and Duodenal Ulcers 



Fxeision 

2 




100 

Gastio enterostomj' 

I 




100 

Gastro-enterostomj and excision 

1 




100 

Pj'loroplastj' (Pinnej) 

1 




100 


D Veute 

Perforation 




Closure and diainage 

IS 

38 S 

1G7 

^ 3 

11 1 * 

C'losuie and gastro enterostomj 

12 

41 7 

25 0 

23 0 

8 3 * 


U SlojJ 

Pciforations 



Virions operations 

9 

33 3 

22 2 


44 4 


* Died folIoiMng operation 


of diet, the number of meals, the medication and the duration of tieat- 
ment weie all unknown 

By “6 meals and alkali,” no fixed legimen is indicated All patients 
who weie gnen a lathei bland diet in five or six feedings daily were 
included in this classification In addition, they i eceived vai 3 mg amounts 
of alkali, usually consisting of from thiee to eight doses a day The 
lensrth of time the\ adheied to this schedule varied fiom three months 
to two 3feais Since 1924, the stiict schedule of tieatment as outlined 
b}' the late Di Sipp3 has been used whene^er possible 


24 Sippy Oxford Medicine, New York, Oxford Universiti Pi ess, 1918 \ol 3 
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Many of the patients fell short of these requirements, which 
necessitated different classifications Those who had “Sippy advised” 
had the full regimen during only then foui weeks’ stay m the hospital 
and discontinued it on dischaige Those who had “Sippy paitial” 
adhered to the tieatment fairly well aftei discharge foi a period not 
exceeding six months Those who had “Sippy full” took the tieatment 
faithfully for from six to twelve months 

It IS impossible to compare the results m tables 8 and 9 too closety 
owing to the marked inequality in the size of the gioups and the differ- 
ences m the length of follow-up It is evident, however, that patients 
with gastric ulcers did not do so well as those with duodenal ulceis 
This IS not so marked with medical tieatment as with suigical The 

10 20 JO 40 50 £0 70 80 90 100 

simple £zolslon 
0 E + EeBedt of Ant •f Pyl 
fyloroplaaty (p) 

Oaetroenteroslony 
G-E and plv of pyloras 

and Sxeifilon 
Sleeve Resection 
0-E and PUc of Pyloraa 
Vedleal tYS&tnent undefined 
Slppy treatment sdvlecd 
Six Beale and alkali 
SxpP7 treatment partial 
Slppy trealTSent fall 

Chart 3 — Results of various treatments in 249 cases of ulcer m which surgical 
intervention was done and in 231 cases in which medical treatment was used The 
shaded areas show the percentages of good and improved cases 

different methods of treatment ariange themselves m the same ordei 
of efficiency for the gastric as for the dviodenal ulcer 

The results obtained by the various therapeutic pi ocedui es are shown 
in chart 3 m which the shaded areas repiesent the good and impioved 
cases of both gastric and duodenal ulcers It shows that of the surgical 
piocedures, simple excision did the least for the patients, and gastro- 
enterostoni}'^ with plication of the pylorus did the most Of the medical 
tieatments, patients in the undefined group did the worst, and the 
patients receiving a complete Sippy legimen did the best It must be 
lemembered, however, that the patients receiving the Sippy treatment 
haA e been observed foi the shortest period 





EMERY-MONROE— PEPTIC ULCER 


869 


Suigical methods weie in geneial moie eftective than medical, 
but these bettei lesults weie somewhat oftset by the moie disastious 
consequences m the cases m which suigical measures failed 

COMMENT 

The geneial lesult of tieatment in this gioup of cases is appaientl} 
less satisfactory than that usually lepoited by otheis It may not be 
so m leality, for similai lesults can be expiessed diffeiently, depending 
on the means of classification employed oi one’s point of view con- 
ceinmg the disease However, one would not expect the lesult to be 
pool, since it lepiesents the efifoits of an entiie hospital staff ovei a 
peiiod of moie than ten yeais, and the use of most of the generally 
accepted foims of theiapy Some foims weie moie eftective than 
otheis, but e\en the best was not so good as most published claims 

Foi some time it has seemed to us that such claims were unsound 
The} aie not m haimony with the iiumbei of dissatisfied patients who 
leturn each yeai The waim and peiennial discussion in medical 
liteiatuie conceinmg the best method of tieatment is sufficient witness 
that this disheaitenmg expeiience is by no means local Any tieat- 
ment that gnes good lesults in fiom 85 to 95 pei cent of cases, as 
IS fiequently asseited, is good, and fai bettei than is available in 
combating many diseases 

This senes of cases consisted, foi the most pait, of patients whom 
we ha^e not seen oi tieated It was, theiefoie, the stud) of a faiily 
lepiesentatne gioup, concerning which piedetermuied conclusions have 
not been leached The lesults seem moie in accoid with oui ideas 
of peptic ulcei The failure of most lepoits m the hteiatuie to agiee 
seems to be eithei because they aie based on an inadequate classifica- 
tion 01 because the wiiteis fail to appieciate the chionic natuie of the 
disease 

Some geneiallv accepted method of classification is necessaiy if 
statistics on tieatment are to be compaied This should include, fiist, 
a deal definition of the status of the patient, in teims of well lecog- 
nized ciiteria Typical symptoms of ulcei weie used m the piesent 
study as the most leliable guide, and, as a check, the satisfaction of the 
patient was detei mined The leasons foi this have been discussed 
Othei methods, such as the loentgen examination, have pioved singulaily 
uniehable, and they should he used with consideiable caution until moie 
IS known about them The length of the peiiod of obseivation fol- 
lowing the completion of tieatment also should be stated This fie- 
qiiently is neglected Although it was an aveiage of foui years in this 
senes a five-yeai period would be much bettei 

The natuie of the disease is such that no shoitei peiiod can be 
chosen safely Whatevei the cause oi the natuie of the i emissions may 
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be, once an nlcei is established it is likely to peisist or to lecui The 
a-veiage duiation of symptoms of ulcei befoie treatment m om cases was 
seven years This figure is loweied by the small gioup of patients who 
weie seen shortly aftei onset because of peifoiation, hemoiihage or 
some such stiikmg disability Many had sufifeied foi a much longer 
time, several foi twenty j’^ars and one for forty years Raiely were the 
symptoms continuous Some had had peiiods of freedom for only a 
few months, but freedom in others lasted foi years, m one for twenty 
}ears In such a case it may be said that one ulcei healed and a new 
one formed But when spontaneous i emissions vary so gieatly in 
duration, it is difficult to distinguish them fiom true healing It is not 
justifiable to say that absence of symptoms for a few weeks or months 
constitutes a remission and that absence foi more than a jear means a 
cuie A person who has once had an ulcei stands a much greater 
chance of having the symptoms recur at some later date than if he had 
never had one, no matter how long he ma> be free from symptoms In 
this sense, at least, the disease is chronic, and it makes little difference 
under what circumstances a remission is induced For this reason also, 
a five year peiiod of observation should be a minimum for reporting 
cures 

Roentgen examinations often have been sadl) misinterpreted in 
reporting the results of treatment Disappearance of the gastric niche 
following treatment has been considered strong evidence for healing, 
and the infiequent disappearance of the duodenal deformity has been 
attributed to permanent scar tissue contraction Critical stud)'^ of the 
x-ray observations in cases followed for a long period of time, bow- 
er er, strongly supports the idea that ulcer is a chronic disease Time and 
again the gastric niche has been seen to smooth out under the most supei- 
ficial measures, and to leturii promptly after the completion of even 
the most intensive tieatments medical or surgical One has the impres- 
sion that ail) therapy one may use is palliative and not curative 

The appearance of the duodenal ulcer is less easily influenced than 
that of the gastric ulcei, but the recent conception of the “fleck” ulcer 
IS signiflcant Several of these cases have been seen at the Poter Bent 
Brigham Hospital The patients have had characteristic sympfoms 
of an active ulcer, although the duodenal caps had filled completely and 
well Remor^al of the barium sulphate revealed typical ulcer craters 
At subsequent examinations, a deformity might appear and later dis- 
appear, only to return again Yet this defect obviously due to spasm 
has the same appearance as those deformities attributed to scar tissue 
Of the patients m our series who had the usual deformity due to 
duodenal ulcer an x-ray picture had been taken m sixty-seven 
after treatment (both medical and surgical), and only five (or 7 per 
cent) have shown a letuin to normal It is hard to believe that the rest 
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were cured, since there were peisistent loentgen changes, it is easiei to 
feel that those five will latei show similar pathologic changes 

Pathologic evidence often has been piesented to show that ulcers do 
heal, but this also may he misleading Contempoiaiy pathologists do 
not repoit scais of healed ulceis as frequently as the oldei continental 
woikeis, so they aie moie in accord with the clinical e\idence of 
chionicit} The following cases aie of interest in this connection 

A laborer, aged 50, came to the Brigham Outdoor Department m Alay, 1926, 
complaining of s}fmptoms of ulcer of two j'ear’s duration Roentgen examination 
revealed a characteristic niche high on the lesser curvature of the stomach He 
was advised to enter the hospital for operation, which he did two weeks later 
During this interval the sjmiptoms had disappeared, and he was thought to have 
entered on a remission , nevertheless, an operation was performed A small area 
on the lesser curvature w'as located with difficulty, excised in the usual manner, 
and the specimen sent to the pathologic department A Cushing silver clip was 
then placed on the peritoneal surface of the stomach to mark the location of the 
ulcer , The pathologic report w'as that of a healing, almost healed ulcer Despite 
this fact, an x-ra}'- picture taken five days after operation rev'ealed a defect 
similar to that before surgical intervention, and located m the same spot as shown 
b> the clip Symptoms recurred in tw'o months, and both the symptoms and the 
x-ray observations have remained the same to date In the second case, typical 
symptoms returned nine and a half years after excision of a gastric ulcer, and 
loentgen study showed the lesion in exactlj the same place as before, as far as 
could be determined 

More observations of this kind aie needed, but these aie enough to 
thiow doubt on the value of a pathologic report, as far as the cuie of 
the disease is concerned They suggest that the local ulcerative spot 
may undergo healing piocesses lapidly They suggest further that 
1 emissions in the symptoms actually may be accompanied by a quiescence 
of the ulcerative piocess We have been prone to legaid the disease 
of ulcei as a local disoider m the gastio-intestmal tract In reality, the 
evidence points to the ulceiation as a local manifestation of a deep- 
seated disoider This would explain the lapid letuin of an ulcerative 
condition following surgical removal of an ulcer and paiticularl} , a 
1 eturn to the same site 

These considerations will be clarified only when a deeper knowledge 
of the disease is gamed Then, too, we shall possess a better treatment, 
for all of oui present methods piimarily relieve symptoms, except when 
perforation or some mechanical defect has occuired This is evident 
when one compaies the general lesult of all treatment with the results 
in the gioup to Avhich treatment was not given (table 5) The former 
showed only 10 per cent moie impioved cases Careful study of the 
othei figures m the table shows that the two gioups are not dissimilar 

The lesults of suigical treatment haAe been better than those of 
medical treatment and a study of the A^arious opeiative methods used 
shows that the most successful were those which changed the local 
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condition most This may be due to a correction of the factois that are 
lesponsible for the symptoms rather than to any dilative effect on the 
disease itself For example, many of oui patients on whom gastro- 
enterostomies have been performed have been entirely fiee from dis- 
tress except during periods of unusual emotional strain (automobile 
accidents, death in the family, financial worries) oi acute infections 
(colds, etc ) Others have had massive hemorrhages months and years 
after opeiation without any warning svmptoms We have been unable 
to escape the feeling that the disease m each instance has persisted, 
although the patients aie, on the whole, comfortable 

AVe do not mean to imply that treatment has not been worth while, 
foi much can be done foi the patient with ulcer His life may be 
saved m case of perforation Obstiuction can be overcome His 
S} mptoms can be relieved, and he is enabled to lead a noi mal existence 
It IS be}ond the scope of this paper to discuss the indications foi the 
■\arious methods of treatment Each has its advantages and its dis- 
advantages, and both must be caiefully weighed with reference to the 
particular case at hand But it is impoitant to lemembei that cure 
cannot be piomised with any of these methods To advocate any one 
method in preference to all the others and to claim a high peicentage 
of permanent lelief is not justified by the results 

A patient with ulcer is notoriousl} of a wandering disposition He 
goes from one physician to anothei in search of a cure A return of 
S} mptoms leads him to consult some one else, who ma} understand 
his case better The new advice is often different from the old, and 
IS again accompanied by the assumption that rigid adheience to the 
new legimen will be followed by permanent results This causes an 
unsatisfactory state qf affaiis The physician is led to believe that his 
tieatment has been efficacious, since the patient does not letuin The 
patient loses confidence 

This situation could be much impio\ed by a realization that patients 
with peptic ulcei ha^e a truly chionic disease, not unlike diabetes 
mellitus or chronic nepbiitis, foi which no cuie is known The pres- 
ent methods of tieatment will then be used with moie disci etion, and 
the patients, being informed of their prospects, will be tiansformed into 
a coopeiative group In this way, better lesults will be obtained than m 
the past Cuie can come only when the leal natuie of the disease is 
understood, and when a method is devised which strikes at the cause 
and not at the s} mptoms 

SUjMMARV 

An anal} SIS of 556 cases of chronic peptic ulcer seen during the 
}eais 1913 to 1926 is presented Figuies concerning the incidence, 
S} mptomatolog} , laboratoi} observations and complications are given 
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Hypei acidity occuried in 50 pei cent Theie was onh one jiioved 
case of achloihydiia, and m this the diagnosis of ulcer was made only 
by the x-iays, theie being no symptoms of the disease 

The x-iays failed to show e\idence of an ulcei in thiit}-six cases 
{7 pel cent) 

Hemoiihagc occuiied m 194 (34 8 pei cent) of the cases and was 
the cause of death m eight Seventy-seven of this giotip had moie 
than one hemoiihage It was the fiist sign of the disease in twenty- 
five Aftei cl lathei high incidence in the hist two yeais of s}mptoms, 
the piopoition fell to 23 pei cent and lemamed theie 

Acute peifoiation occuiied m thnty-eight patients, eleven of whom 
(28 pel cent) died Theie was no tendency foi this complication to 
apjieai eaily m the couise of the disease 

Cancel was found m six of the 135 cases of gastiic ulcer (44 
per cent) , of these, thiee appaiently developed fiom the ulcei 

Retention occuiied m 135 cases, ninety-two being due to pyloiic 
spasm 

Houi -glass defoimity occuiied in sixteen 

No gieatei incidence of foci of infection was found in this gioup 
than in the geneial hospital population 

Ulcer was the cause of death in foit 3 ^-one cases to date twent 3 ^-one 
patients died following opeiation 

The lesults of all foims of tieatment showed that about 60 pei 
cent of the patients weie iehe\ed aftei an aveiage obseivation peiiod 
of foui yeais The stiict Sippy tieatment proved to be the best of the 
medical methods, and gastio-entei ostomy with plication of the p 3 loins 
the best of the suigical methods Suigical measuies weie somewhat 
moie eftective than medical, but this was offset by the fact that the 
lesults in the cases in which suigical measuies were emplo 3 ed weie 
woise than the ones in which medical tieatment was given 

All evidence points to the fact that ulcer is a chronic disease and 
that all the piesent methods of tieatment aie meiely palliative Cine 
probably is laie Each method has its advantages and disadvantages, 
which must be weighed m the individual case The best lesults are 
to be expected fiom a wise choice of these methods, the education of 
the patient concerning the natuie of his condition and the amount of 
lelief that can be expected 



SOME MEDICOLEGAL ASPECTS OF OCCUPATIONAL 
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NEWARK, N T 

In the past five yeais, New Jeisey has expeiienced the occuiience 
of fatal cases of occupational i^oisonings in new industiial diseases or 
in new forms of old diseases, which has called attention to the present 
inadequate method of compensating woikmen through a schedule of 
specific diseases This list of occupational diseases in New Jeisey 
includes anthiax, poisoning from phosphoius, l^enzol and its homo- 
logous, wood alcohol, lead, mercuiy, aisenic and chiomium, caisson 
disease and, lecentl}, radium neciosis 

The types of poisoning I shall discuss aie tetia-ethjl lead and benzol 
lioisonmg and ladium neciosis 

In 1923, two factoiies in New Jersey manufactured tetia-ethjl lead, 
a -volatile liquid substance which is added to gasoline to give gieatei 
compiession and hence more powei to motois The strength of this 
substance may he estimated from the fact that one gallon of tetia-ethyl 
lead IS added to 5 000 gallons of gasoline to make the pioper solution 
foi high compiession motois The ciude mannei in which it was at 
til St manufactuied exposed woikmen to its deadly eftect Of twent}'- 
eight men diiectly exposed to this substance, six died fiom a seveie 
101 m of lead encephalopathy, many of them having convulsions, foiii 
aie now in asylums foi the insane and sixteen have various peimanent 
disabilities such as cranial and peripheial nene palsies, nephiitis and 
marked loss of weight and strength One man has been undei my caie 
foi thiee }eais Befoie the onset of the lead poisoning he weighed 185 
pounds ( 83 9 Kg ) , he now weighs 125 pounds (56 7 Kg ) , and has a 
double paiahsis of the se^enth and motoi loots of the fifth cianial 
nei\e Mentally, he alternate? between states of excitement and 
depiession and is often foiced to peifoim impulsive acts almost invol- 
untarily Although injury due to lead poisoning was compensable 
undei the law of New Jeise) at the time, sixteen of the peisons who 
were affected Iia the poison elected to sue undei the common law on the 
basis that tetia-ethyl lead was a new poison not listed under the com- 
pensation law The cases weie ne\ei decided by law since they weie all 
settled out of couit for laige sums At the piesent time, only one fac- 

Submitted for publication, Dec 27 1928 
'■Read before the Fifth International Congress of Industrial Accidents and 
Occupational Disease Budapest Sept 5 1928 
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tory in the countr} makes tetia-ethjl lead b} a process which fiom 
start to finish is completely closed so that the \\orker is not exposed 
Since the establishment of this plant, no new cases of tetra-eth}l lead 
poisoning ha^e been reported 

The occurrence of thiiteen fatal cases of benzol poisoning in the 
past 3 ^ear and a half has called attention to a widespiead occupational 
hazard that ma} soon inal that of lead poisoning Two of the deaths 
occurred m the sulphonation of benzine during the s}nthetic production 
of phenol one of these was a watchman in the factory, and the othei 
a helper working near one of the mixing \ats Thiee men, including 
the original cleanei and the two men who went to his lescue, died aftei 
cleaning out a single tank that had contained diip oil with benzol All 
three neglected to wear masks or to cairy emeigenc} ropes It ^^as 
inteiesting to note the difteient effect of the benzol in these two instances 
In the first instance, both men weie found narcotized and died se\eial 
hours later without gaining consciousness In the second instance, the 
thiee men weie found dead and were appaiently asphyxiated almost at 
once, probabh owing to the exclusion of air on account of the large 
concentiation of lienzol fumes The lemaming cases ueie those of 
chronic benzol poisoning occuiiing in tbiee separate factories, all of 
which weie making aitificial leathei by the application of a dope oi mix- 
ture containing mtro-cellulose bases dissolved in a ^ elude of benzol 
to a tabric oi cloth The latter cases occuired in men who had ^volked 
for var)ung peiiods of time, from a few weeks to seAeral years, and 
who were exposed to varying concentrations of benzol fumes The} 
all succumbed to an aplastic leukopenic anemia, with buccal sepsis, and 
multiple hemoiihages fiom the skin and the mucous and seious mem- 
bianes Following the occurrence of these fatal cases, 110 diffeient 
claims weie made foi compensation for alleged benzol poisoning Since 
the condition can haidly be diagnosed in its eaih stages, the dlfficult^ 
of ai bitrating these cases became great 

The following postulates -were taken for a standaid and guide in 
New^ Jeisey 1 The claimant must demonstrate an exposure to benzol 
poisoning 2 The claimant must piesent symptoms of benzol poison- 
ing 3 The claimant must demonstrate a change in his blood picture 

A tentatne diagnosis of benzol poisoning w’’as made when the 
claimant satisfied the fiist two postulates, while a positne diagnosis 
was made in the presence of the characteristic blood changes 

Clinically, the s}mptoms may be duided into thiee groups (1) 
those due to local irritation such as conjunctivitis, bronchitis and 
stomatitis , (2) those due to the effects of blood disturbances or anemia 
such as palloi , muscular w^eakness, gastiic disturbances, dizziness, petechial 
hemorrhages, puipuiic spots, menstrual disturbances and occasional!} 
cyanosis, (3) those due to ner^ous s}mptoms such as muscular tremor, 
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inebriation, insomia, hallucinations and euphoria None of these symp- 
toms are pathognomic, although a grouping of many may lead to a 
diagnosis Most reliance is placed on the blood picture which may 
show only a secondary leukopenic anemia in the early stages Of 289 
men examined m an aitificial leather factoiy, 46 showed a definite 
secondaiy leukopenic anemia, some of the blood counts weie as low 
as 2,800,000, the white cell counts as low as 3,300 and the hemoglobin 
contents as low as 30 pei cent When the continued effect of benzol 
finally paralyzes the hematopoetic centers m the bone mai row, an anemia 
of the aplastic or a legeneiative type develops, chaiacterized by an 
extiemely low red and white cell count, as low as 500,000 red cells, 
500 white cells and 15 pei cent hemoglobin, an absence of new forms 
and a marked i eduction of the blood platelets As a lesult hemoirhages 
occur from the mucous membranes, usually with a fatal outcome 
The widespread use of benzol in the aitificial leather industiy, the 
lubbei industiy, and in the manufacture of sanitai}'^ cans, and the 
harmful effects of its use have caused industry in New Jeisey to 
cooperate with the department of labor m coirectmg this tiouble b} 
abandoning the use of benzol and substituting foi it less toxic solvents 
such as xylol, toluol and high flash naphtha at an only slightly increased 
expense This year theie weie only nineteen new cases reported and 
two deaths listed among the thirteen referred to m the foiegoing para- 
giaphs 

In 1923, the fiist cases of radium poisoning weie lefeiied to the 
rehabilitation clinic One woman, aged 24, had woiked foi seven years 
as a dial painter, dm mg which time she pointed the bi ush she used with 
hei lips, therebv ingesting some of the radioactive substance that had 
been added to the zinc sulphide paint to make it peimanently luminous 

Chionic anemia with extensive neciosis of the infeiioi maxilla devel- 
oped Hei blood picture showed profound anemia with a color index 
of one plus, a large cell anisocydosis with many macrocytes, a slight 
polychiomatophilia, occasional granulai basophilia and a scant number 
of nucleated red cells and a lare megaloblast The blood platelets were 
normal, and purpuia oi bleeding was not elicited The icteius index 
and van den Bergh tests weie negative, showing that the anemia was 
not due to hemolysis but to a lack of production of the oidmary blood 
forms After an illness of three y'^eais, she died fiom a piogressive 
anemia with extensive necrosis of the lower and upper maxillae and a 
terminal bronchopneumonia Autopsy, by Martland, showed intense 
leplacement of the normal adult fatty mariow by a led, regenerating 
bone marrow The organs were tested after incineration for radio- 
actiMty and showed storage of ladioactivity in the bones to a laige 
extent and to a lessei extent in the spleen and liver 
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Since this case, eleven othei patients who weie exposed died, fi\c 
otheis aie still alive, but they aie sufieiing fiom seveic anemia The 
absence of a piovision in the Woikmens’ Compensation law made the 
lattei lesoit to common law foi lediess, so settlements have been made 
by the company The disease is now included m the compensation law 
In view of the limited knowledge and compaiatively few cases of 
ladium neciosis adequately studied, I have been unalile to set up any 
diagnostic standaids Howevei, foi the pm pose of guidance the fol- 
lowing factois must be consideied 

1 Histoiy of exposure to radioactive substances 

2 Symptoms of anemia including the blood picture 

3 Local symptoms of a jaw neciosis ot radiation osteitis 

4 Physical tests of radioactivity 
(fl) Autoradiography 

(&) Electrometer test lioth to expired an in the living and to incmciated 

hone after death 

These ate some of the pioblems that the individual medical exammei 
oi expel t must meet m aibitiatmg claims foi compensation To lecapitu- 
late, new diseases oi new disease schedules aie made without acquain- 
tance with the physiologic action of the poisons mentioned Theie is 
a maiked lack of mteiest and coopeiation on the pait of the membeis 
of the medical piofession on whose lepoits one must often depend foi 
impoitant mfoimation Many aie unfamiliai with the field of mdustiial 
medicine and send clinical oi laboiatoiy lepoits which aie maccuiate oi 
which, having been peifoimed too late, aie useless Thiough mcoiicct 
diagnoses many woikmen who aie sufteiing fiom occupational diseases 
called by othei names aie being depiived of then just compensation 
Fuitheimoie, theie aie no existing standaids on which one can lely 
foi guidance such, foi example, as the definition of lead absoiption and 
lead intoxication The woik of such committees as the South Afiica 
Committee on Silicosis and the Standaids Committee of the Ameiican 
Public Health Association is a step in the light diiection 
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V MISCELLANEOUS OBSERVATIONS ON HUMAN ADDICTS DURING 
THE ADMINISTRATION OF MORPHINE ' 

ARTHUR B LIGHT, MD 

AND 

EDWARD G TORRANCE, MD 

PHILADELPHIA 

In this papei ve wish to piesent fuither lesults obtained fiom a 
study of a senes of male opium addicts made while we were supplying 
then needs with moiphme These studies include fi actional gastiic 
analysis, roentgen examination of the gasti o-intestinal tract, functional 
tests of the luei, dextiose toleiance tests, chemical and microscopic 
examinations of the urine, phenolsulphonphthalein tests and studies of 
the basal metabolic late, temperatuie, blood sugar i espouse to morphine 
and to epmephiine and the lesults of loentgen examination foi pei- 
sistent thymus 

IRACTIONAL GASTRIC ANALYSIS 

The secretoi}'’ i espouse of fiee and total acid of the stomach to the 
standaid Ewald test meal was studied by the fi actional method in 
eighteen different addicts In all cases, samples of gasti ic juice dtiiing 
fasting were lemoved for anal) sis Table 1 gives the lesults obtained m 
these cases for the contents both duimg fasting and at intervals of 
fifteen minutes following completion of the meal As seen fiom the 
tables, both the fiee and the combined acid of the gasti ic juice during 
fasting laried consideiabh An analysis of the individual cases showed 
that in six no free h)diochloric acid was present during the fasting 
stage Foul of these six cases still failed to show the piesence of free 
hydiochloric acid fifteen minutes aftei the test meal was given In one 
case, no free acid was found duiing the entiie peiiod of 105 minutes fol- 
lowing the meal, while in tv o others in this group only small quantities 
weie found The othei twehe cases piesented a noimal i espouse of 

Submitted for publication, March 8 1929 

From tile Narcotic Wards of the Philadelphia General Hospital 

■^Expenses of this research rrere defraAed b> the Committee on Drug A.ddic- 
tions. New York Clt^, the vork was carried out under the guidance of the Phila- 
delphia Committee for the Clinical Stud}’^ of Opium Addiction, in the wards of the 
Philadelphia General Hospital -which -were placed at our disposal through the 
courtes} of the Director of Public Health, Cit\ of Philadelphia 
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the flee hydi ochlonc acid when compaied to the obseivations of 
Rehfuss ^ 

All cases showed the piesence of a ceitain amount of total acid in 
the gastiic juice during fasting The cuives in chait 1 show the aveiage 
of the total acid and fiee hydi ochlonc acid compaied to the noimal 
isotiophic cm re of Rehfuss ^ 

A compaiison of these cuives shows that the cuives lepiesenting the 
total acid of the addicts aie much highei while the patient is fasting than 
aie the noimal cuives, while the fiee hydi ochlonc acid is always at 
piacticall} the noimal level The i espouse of the secietion of both the 

Taiue 1 — The F) actional Gaitnc Aiialvus in Eighteen Ca<;cs of Opium 
Addiction Dining the Adnnnisti ation of Moiphinc 


Pisting 15 Mm 30 Mm 4"> min CO Min '75 Mm 90 Min 105 Mm 

Cnsc / ^ ^ f ^ ^ / ^ \ I ^ \ ^ \ f ^ r ^ / * ^ 
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fiee and the total acids is much slowei in the addict and does not leach 
the magnitude of the normal cmve Both, howevei, leach then peaks 
at the same time as do the noimal cuives and decline at the same rate 
There was no con elation between the vanations in the diffeient indi- 
vidual 1 espouses and the amount of diug admiiiisteied oi the histoiy of 
length of addiction 

ROENTGENOGRAMS OF THE GASTRO-INTESTINAL TRACT 

Tliiotigh the couites> of Di E Buiville-Hohnes, in chaige of the 
x-iay woik in the Philadelphia Geneial liospital, we had sixteen patients 

1 Rehfuss, Martin E , Bergheim, O , and Hawk, P B The Fractional 
Study of Gastric Digestion with a Desciiption of Normal and Pathologic Curves 
J A M A 63 909 (Sept 12) 1914 
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examined aftei the usual barium meal in oiclei to gather what mfoima- 
tion we could as to the movements of the stomach and the speed of 
passage of the baiium along the gasti o-intestinal tract The lesults 
obtained showed that m the sixteen patients there was but one with 
definite ptosis of the stomach, this patient also showed maiked atony 
He also failed to show the presence of any fiee hydiochlonc acid when 
subjected to the fiactional test meal Five cases exhibited hyper- 
peristalsis and three hypopei istalsis, the peristaltic movements in the 
other cases being normal Five cases showed slight atony of the muscular 
wall Not any of the cases showed the piesence of any oiganic lesion, 



TIME IN MINUTES 

Chart 1 — Average response to a standard test meal of the gastric secretion of 
a group of human addicts receiving morphine, compared to the normal isotrophic 
cur\e of Rehfuss T indicates total acid and F, free hydrochloric acid In 
this chart and in charts 2 and 3, the solid line indicates addicts and the broken line, 
normal persons 

the conus being noimal and pyloiospasm absent In thiee cases the 
barium failed to reach the ileocecal valve dm mg the six houi s following 
the ingestion of the barium In one of the lemammg thiiteen cases, 
the barium had i eached the hepatic flexure and m two the splenic flexui e , 
111 the rest, it was found in the cecum at the end of six hours In these 
studies theie was again no coi relation in the behavioi of the gasti o- 
nitestnial tiact and the length of addiction oi the amount of diug used 
by the different patients in a twenty-four hom period 
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LIVER 

The plienoltetiachloiphthalein test of the function of the hvei as 
devised by Rosenthal ■ was cai ried out in ten diffei ent addicts In eight 
of the ten, the dye disappeaied from the blood stieam in less than one 
houi, the 1101 mal time of disappearance At the end of one hour, theie 
was still 3 pel cent left m one case, and 0 9 pei cent in the othei At 
the end of two houis, one case still showed the piesence of 1 pei cent 
of the dye Van den Beigh’s test® was negative in nine cases studied 
The icterus index of the seium showed an aveiage of 5 2 and varied 
fiom 3 to 9 111 ten cases studied The aveiage normal of this test as 
deiised by Muiphy * is given as fioiii 4 to 6 

DEXTROSE TOLERANCE TEST 

Ten dififeient addicts were selected to deteiniine the lapidity of use 
and fall of dextiose in the blood following its ingestion by mouth 

Table 2 — Results of Phenolteti ocitloi phflwlciu, van den Beigh, Ictents Index and 

Dextiose Toleiancc Tests m Human Addicts Duung the Admvusti afion 

of Moipltine 


Plionoltotia- Dextiose Tolerance, 

clilorplitlialcin Mg per 100 Cc of Blood 

, » , Van den Ictenis, * ^ 

16 Min 1 Hour 2 Hours Bergli Index Easting 15 Min 1 Hour 2 Houis 


Xumbei of cases 

10 

10 

10 0 

10 

10 

10 

10 

10 

Highest 

s% 

3% 

1% 

0 

120 

12S 

170 

157 

Lowest 

4% 

( 1 % 

0% 

3 

OC 

102 

08 

101 

Average 

os% 

0 0% 

0% Negative 

52 

107 

121 

130 

127 


Each addict was given 1 75 Gm of dextiose pei kilogiam of body 
weight The aveiage lesults obtained aie found in table 2 and ai e plotted 
111 chait 2, which also contains a noimal cuive The peak of the curve 
IS leached at the end of an houi, and the cuive is still elevated at the 
end of two hours as compaied to the noimal cuive shown foi and deiived 
fiom noimal patients in the Philadelphia General ITospital A study of 
the individual cases shows a sti iking unifoimity of the curve m all but 
two of the cases In one of these, the blood sugai lose to 170 mg pei 
bundled cubic centimeteis of blood at the end of one houi, while the 
othei leached its peak of 157 mg only at the end of two houis One 

2 Rosenthal, S M New Method of Testing Liver Function with Phenol- 
tetrachlorphthalein, J Pharm & Exper Therap 23 38S (June 5) 1924 

3 Van den Bergh, quoted by McNee, J W Jaundice Review of Recent 
Work, Quart J Med 16 390 (July) 1923 

4 Murphy, William P Biliary System Functional Tests, Arch Int Med 
37 797 (June) 1926 
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case studied showed a decided decline in blood sugai of fiom 128 to 
98 mg in the peiiod of fifteen minutes and one hour aftei the dextiose 
was given The dosage admmisteied to these addicts langed from 
5 to 16 giams (0 32 to 1 04 Gm ) of morphine sulphate in a period of 
twenty-foui houis with no con elation between the amount of the drug 
and differences m the results 

KIDNEY 

The mines of 100 addicts weie subjected to the usual chemical and 
microscopic examination All specimens examined weie taken fiom the 
fiist uiine passed m the moining befoie bieakfast The specific gravity 
varied from 1 014 to 1 035, the average for the 100 cases being 1 022 
with nothing significant m the color Sugai , as determined by Benedict s 
method, was not found m a single case Seventeen of the 100 cases 



Chart 2 — A^erage blood sugar response to the ingestion of 1 75 Gm of dex- 
trose per kilogram m a group of human addicts receiving morphine, compared to 
a series of normal persons 

showed fiom a faint trace to a tiace of albumin Of these seventeen 
cases, only four showed the piesence of a few hyaline casts In eighteen 
cases theie was an excess of leukocytes, while in one case a few red 
blood cells weie found 

The phenolsulphonphthalein test of kidney function, in which the dye 
was injected into the lumbar muscles, was cairied out in twenty different 
addicts The average elimination of the dye was 56 pei cent in two 
hours, the average foi the first hoiii being 42 pei cent and f oi the second 
hour, 14 pel cent The lowest elimination found was 22 pei cent m the 
first houi and 10 per cent in the second hour The urine of this addict 
vas free fiom albumin and sugar, and the blood urea nitrogen was 
12 mg pel bundled cubic centimeters of blood The most lapid elimina- 
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tion found was 52 pei cent in the first houi and 22 pei cent in the 
second, oi a total of 74 pei cent in two houis Five of the cases showed 
an elimination of less than 50 pei cent in two hours All cases studied 
showed the gieatest peicentage of excietion in the fiist houi 

Six cases weie selected and studied in which the total intake of food 
and water was limited to the same amount and chaiactei and given at 
the same peiiod of the day The same pioceduie was also earned out 
in thiee noimal nonaddicts The total quantity of mine excreted m 
twenty-foui houis compaied favoiabl}”^ with the total quantity excieted 
b} the noimal patients 

BASAL METABOLISM 

Sixty-eight determinations of the basal metabolic late weie made on 
twenty-five difteient addicts A number of additional deteimniations 

Table 3 — Basal Metabolic Rate of Tzvcnty-Fivc 4ddicts Gioupcd According to 
the Amount of Morphine Used Per Tzocnty-Foiir Hours 


Amount of Drug Used in 24 Houis 



0 to 4 Grains 

6 to 9 Grains 

10 to 14 Grains 

13 to 19 Grains 

20 to 24 Grains 

Basal 

IS to 

33 

—14 

to 

10 

— 7 

to 12 

— 0 

to 

—1C 

—10 to— 13 

metabolic 

—14 to 

4 

— 3 

to 

22 

9 

to 15 

3 

to 

6 

—14 to— 25 

results 



—11 

to 

IG 
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to— 28 

— 15 

to 
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—13 

to 

2 

— 1 

to 11 
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to 
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9 

to —20 


14 









— G 

to 8 






13 to G 
24 
20 
4 
<> 


had to be discaided on account of obvious poor coopeiation on the pait 
of the patient Prof August Kiogh’s basal metabolism lecoidmg 
appaiatus was used for this woik The accuiacy of this apparatus was 
checked several times a week with a person whose metabolism was 
known to be noimal The number of deteimniations accepted for each 
pel son vaiied from a single deteimmation to as high as foui in seveial 
cases The majority, however, ivere always studied until at least two 
determinations weie obtained on sepaiate days The oxygen consump- 
tion was studied over a peiiod of ten minute intervals 

Table 3 has been aiianged m oidei to show the vaiiations of the 
metabolism accoidmg to the amount of drug used in a twenty-four hoiir 
pe_iiod It will be noted that with the exception of the pel sons using 
moie than 20 giains (13 Gm ) in a twenty-foui houi peiiod and the two 
using less than 4 giains (0 26 Gm ) in the same peiiod, the exti ernes 

obtained above and below normal are practical!)’’ the same, namely, 28 

per cent and -f 24 per cent Both pei sons using more than 20 giains of 




884 


ARCHIVES OF INTERNAL MEDICINE 


moiphine a day showed deci eases in the basal metabolism ranging fiom 

10 pel cent to — 13 pei cent and — 14 pei cent to — 25 per cent, 

lespectively One of the patients using only 4 giams daily had the 
gieatest inciease, namely, + 33 pei cent The cooperation at both 
exti ernes seemed to be excellent, yet we are inclined to the belief that 
when large quantities of the diiig weie used, theie was considerably less 
nervousness than m the case in which only 4 grams were used in the 
twenty-foui houi peiiod 

The aveiage vaiiation of the entiie gioup of sixty-eight determina- 
tions langed fiom — 12 pei cent to -T H pei cent, which compares 
favoiably with the noimal variation of fiom — 10 pei cent to + 10 pel 
cent Thiiteen of the thirty-nine results obtained in which the 
metabolism was found to be decreased were lower than the aveiage low 
of — 12 pel cent, and fouiteen of the twenty-nine results obtained in 
which the figures langed m the positive direction weie above 12 pei cent 

TEMPERATURE 

The aveiage tempeiatuie taken with the theimometei m the closed 
mouth underneath the tongue in 100 cases was found to be 98 3 F 
The highest tempeiature leported was 98 9 and the lowest, 97 8 The 
lectal temperatiiie taken m ten cases varied fiom 98 to 99 6 with an 
aierage of 99 2 All patients selected weie fiee fiom abscesses and 
Intel cun ent infection 

THE EFFECT OE A SINGLE DOSE OE MORPHINE ON THE 
BLOOD SUGAR OE THE ADDICT 

Six addicts weie selected fiom whom blood was diawn m the morn- 
ing pi 101 to the time at which the fiist legulai injection of moiphine was 

Table 4 — Avaagc Response of the Blood Sugat in Hitman Addicts to a Single 

Dose of Moiphine 


After Injection 

Xuinber of , — , 

Cises Bnsal 15 Minutes 30 Minutes 1 Hour 1% Hours 2 Hours 

6 SI mg * SO mg 93 mg 92 mg 95 mg 93 mg 

♦ Milligrams per liundred cubic centimeteis of blood 

due They weie then gnen their legulai dosages, and samples of blood 
were taken at inteivals of fifteen minutes, thiity minutes, one houi, one 
and a half houis and two houis following the injection The samples of 
blood weie analyzed foi sugar content Table 4 gives the aveiage lesults 
obtained, showing the effects to be negligible, the slight rise pi esent being 
within the limit of ei i oi of the method used ^ f oi analysis Two additional 

5 Folin Otto and Wu, Hsien A Simplified and Improied Method for 
Determination of Sugar, J Biol Chem 41 367 (March) 1920 
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cases weie selected and the same piocedine followed except that the 
dosage given was double the amount that would have been given oidi- 
naiily The lesults obtained in these two cases weie identical with 
those obtained in the six cases m which the noimal dosage was given, 
namely, an insignificant use in the quantity of sugai piesent in the 
circulating blood 

THE EFFECT OF EPINEPHRINE ON THE BLOOD SUGAR OF ADDICTS 
COMPARED TO ITS EI-FECT ON THAT OF NORMAL PERSONS 

Five addicts weie selected in oidei to deteimine the degiee of 
1 espouse in the use of the blood sugai to a standaid injection of 



Chart 3 — Average blood sugar response to the mjcction of 1 cc of epinephrine 
hydrochloride (1 1,000) in a series of human opium addicts receiving morphine, 
and in a group of normal persons 

epinephiine, namely, 0001 Gm of epinephime hydiochloiide In 
ordei to obtain a compaiison, the same solution was used in five noimal 
persons 

Chait 3 shows a compaiison of the lelative use of the blood sugar 
taken at fifteen minute, thiity minute, one houi, and two hour inteivals 
It will be noticed that the cuives are practically identical, showing no 
difference in the response of the use in sugar m addicts as compared to 
that of normal persons The epinephrine was always given at an intei- 
val of fifteen minutes following the injection of the regular dosage of 
11101 phine sulphate We have shown in the preceding paragraph that 
morphine per se does not cause a use in blood sugai The effect of the 
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epinephiine on the blood pressuie of both addicts and noimal peisons 
was measured, but wide fluctuations in both gioups did not justify the 
diaAvmg of any conclusions 

THYMUS 

Roentgen studies to detect the presence of persistent thymus were 
made on ten addicts The lesults in all cases studied were negative 
Fiom the clinical evidence there was no leason to suspect the presence 
of the thymus in any of oui cases 

COMMENT AND LITERATURE 

The results obtained in our studies of the stomach by means of the 
x-ray and f i actional analysis of the gastric juice indicate little change in 
the behavior of this oigan as the result of jMolonged usage of opium or 
its deiivatives Solliei “ asseited that not only does morphine stimulate 
the function of the gastric glands, but it also increases the tonicity of 
the stomach, and that as soon as the drug is withdiawn the stomach 
dilates Moiat " called attention to the maikedly affected condition of 
the digestive tiact, pointing out that the salivary secietion was much 
lessened and that the gastric and intestinal glands suffered no less 
Bishop® described the impaired digestion of addicts The degree of 
atony present in foui of our five cases was so slight as to demand little 
attention, so that only one of our sixteen cases showed any maiked 
change in the mtisculai tone of the stomach The same comment may 
be made concerning the peristaltic movements, in fi\e cases a degree 
of hypei peristalsis and in three cases hypopei istalsis were present 

We do not believe that the secietion of the gastiic juice is impaired 
to any gieat extent Theie was a delay m four of the eighteen cases 
studied, and the a\eiage total i espouse was less than the isotiophic 
1 espouse of Rehfuss ^ Thu teen of oui cases showed a noimal lesponse, 
the quantity secieted being well within the noimal limits 

The late of piogiession of the baiium thiough the small intestine 
was deci eased in thiee cases This delay m movement is undoubted!) 
significant and may peihaps be attiibuted to the action of the diug, but 
it IS not tinivei sally present, as in the othei sixteen cases the movement 
of the baiium was noimal 

In 100 pel cent of our cases m the waid daily evacuation of the 
bowels did not occui without the aid of a cathartic This marked con- 

6 Solher, P La demorphinisation et le traitement rationel de la morphino- 
maiiie, Setnaine med , 1894, pp 146-152 

7 Moral, D Le sang et les secretions au cours de la morphinomame et de 
la desintoxication. Pans G Stemlieil, 1911, p 180 

8 Bishop, E S Narcotic Drug Problem, Pathology, Pathognosis and Treat- 
ment, Philadelphia, F A Davis and Companj", 1913, p 524 
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stipation IS one of the few itnneisall}^ accepted chaiacteiistics of 
the behavior of the gasti o-intestinal tract of addicts We have had 
statements fiom addicts that then bowels move each day without the 
aid of cathaitics oi enemas, but in piactically every case the movement 
was bi ought about because the addict lefiamed fiom the diug until a 
mo\ement occuiied While the drug is being administered m the waid, 
we have alwa)S been foiced to give lelief m the foim of medication oi 
enemas 

The onl}' manifestation that may be legaided as abnoimal which 
we have been able to detect in the behavior of the kidney is that m seven- 
teen of the 100 cases studied an amount of albumin langmg fiom a 
faint tiace to a tiace was found Only foui of these cases showed a 
few h} aline casts This is m partial agreement with Lei instein ° and 
Solliei,® who asserted that albummuiia was frequently piesent m 
opium addicts Moiat/ however, came to the conclusion that it was a 
common eiioi to legard albuminuria as being present m moiphimsm 
The impairment of the phenolsulphonphthalem excietion in only one case 
and possibly slight impaiiment in foui cases does not point to seiious 
impairment of the kidneys as ascei tamed by means of this test Studies 
of water balance^® convinced us that the amount of uiine secieted by 
the kidne}s of addicts compaies favoiably with that of normal peisons, 
and we do not agree with Lambert that the quantity of mine secieted 
becomes diminished aftei piolonged addiction Addicts will peispiie 
fieely when using moie oi less than the necessaiy amount of the diug 
to pi event withdiawal symptoms, but when the drug is admimsteied as 
we employed it in oui watei balance expeiiments, the ratio of fluid 
secieted bv the kidney to the insensible loss is the same as m a noimal 
pel son The absence of the dextiose is m agreement with the noimal 
blood sugai content and also iiiles out lenal glycosuiia 

Impaiiment of livei function in the addict is also piactically 
negligible as measuied by the phenolteti achloi phthalein test of Rosen- 
thal “ as well as by the negatne lesults of the icteius index and van den 
Beigh tests BelP- claimed the piesence of fatt) degeneiation of the 
Inei, and kloiat " and Sollier often found tenderness o\ei the livei and 
in mail} cases mciease m its size In addition to the lesults obtained 

9 LeMiislein, E Die Morphiumsucht, translated by Charles Ha-rer, 1878 

10 Light, Arthur B, and Torrance, Edward G Opium Addiction IX 
Water Balance Studies During the Administration and Withdrawal of Morphine, 
Arch Int Med , to be published 

11 Lambert, A Chapter in Osier and iMcCrae ^lodern Medicine Philadel- 
phia, W B Saunders Company, 1914 

12 Bell, F INIcKee Morphinism and Moiphinomania. New York T 93 
680 1911 
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by tests, we have shown that the hvei in the addict still lesponds with 
a degree of glycogenolysis following the injection of epinephiine hydro- 
chloride qviite comparable to that in normal persons The i ate of both 
rise and fall of the blood sugar in the dextrose tolei ance test is somewhat 
delayed and is of sufficient interest to commend fuithei study The 
injection of moiidiine pei se does not bung about any use in the blood 
sugai m addicts and is in agieement with the obseivations of Plant and 
Pieice,^® who found that when addiction became established in dogs 
the ability of a single dose of moiphine to bring about a i espouse in 
blood sugai disappeaied 

Conclusions as to the liasal metabolism in opium addicts duimg the 
administiation of a sufficient amount of the diug to supply their needs 
IS lathei difficult m view of oui obsei rations The areiage of the 
sixty-thiee deteiminations on twenty -five dififeient addicts falls within 
the noimal lange Yet theie aie many indn idual deteiminations that will 
lange above oi below the high and low noimal figuies Unfoitunately, 
we have onl} two cases m which the amount of dings taken duimg 
twent}-foui houis was below 4 giams and only two m which the amount 
IS moie than 20 giains, while most of oui deteiminations weie made on 
addicts who needed between 5 and 20 gi ains a da} The cases m which 
both limits of dosage pei day weie given would suggest that using small 
dosages did not deciease the metabolism and. if anything, inci eased it. 
while the cases in which the laige dosage was gnen exhibited a deciease 
in the metabolism Undoubtedly we weie dealing again with one of 
the most difficult phases of the pioblem of drug addiction, namely, the 
quantity lequired to jii event withdiawal symjDtoms and aiiest the 
“neivousness’ of which these unfoitunate j^eojile comjilam and which 
we aie not able to measuie We aie quite ceitain fiom oui expeiience 
that an additional amount of the diug bejond a ceitain required dosage 
brings about a state of both mental and physical lelaxation which 
undoubtedly will bung metabolism to its basal level and peihaj^s lowei 
If, on tbe otbei hand, the quantity is insufficient even though the patient 
may relax and remain quiet during the actual deteimmation, the 
emotional distuibances which these peoj^le undoubtedly hare ma} 
increase the metabolic late above the noimal level Theie rras no coiie- 
latiou between the basal pulse rates and the level of the metabolic late 

CONCLUSIONS 

Studies of the stomach, kidney, livei, basal metabolism, thymus 
tempeiature, dextrose response to epinephiine and dextrose response to 

13 Plant, O H, and Pierce, I H Studies in Chronic Morphine Poisoning 
in Dogs III The Blood Sugar During Tolerance and Withdrawal, J Pharin 
S. Evper Therap 33 371 (JuljO 1928 
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moiphine levealed no fundamental difieiences fiom noimal in addicts 
to whom moiphine was admimsteied to supply then needs, except a 
slight delay in the aveiage i espouse of gastiic secietion to a test meal, 
the piesence of albumin in the uime in 17 pei cent of the cases and 
wide fluctuations of the individual detei mmations of basal metabolism, 
although the aveiage metabolic late was within normal limits A delay 
in the letuin of the blood sugar to noimal following the ingestion of 
dexti ose given by mouth was also noted 
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The Fuel oi Life Experimental Studies in Normal and Diabetic 
Anim'^ls By John James Rickard Macleod, M D , LL D , D Sc , F R S , 
Professor of Ph>siology, University of Toronto, Canada Louis Clark 
Yanuxem Foundation Lectures delivered at Princeton University in March, 
1928 Price, §2 50 Pp 147 Princeton, N J Princeton University Press, 
1928 

This series of four lectures represents a vigorous, healthy protest against some 
of the orthodox views on metabolism — always a good sign m science as well as 
m other fields Macleod and his school aim particularly to show the possibility of 
the formation of dextrose from fatty acids, and if they do not prove their point 
of view conclusively, they display ingenuity in, and diversity of, experimentation 
and a keenly critical analysis of the work of others as well as their own 

In the first lecture the chemistrj'' of muscular contraction is thoroughly reviewed 
The many loopholes possible m the determination of the respiratory quotient are 
honestlj’- presented so that one feels that the scientific literature would be far better 
off if all those dealing with respiratorj' quotients would familiarize themselves with 
this chapter One of the important conclusions, based on experiments on depan- 
creatized and hepatectomized animals, is that the respiratory quotient affords no 
eiidence that the tissues of these diabetic animals have any lessened ability to 
oxidize carbohydrate 

In the second chapter is discussed the manifold relationship between liver 
glycogen, blood sugar and muscle glycogen Liver glycogen must be formed to 
supply the other two products, as shown by experiments on insulin hypoglycemia 
An illuminating discussion of the G/N ratio and the demonstration that the hitherto 
accepted values of 2 8 and 3 65 are too low form an interesting answer to the 
question of the origin of blood sugar in the absence of liver glycogen, for example, 
in complete pancreatic diabetes According to the author, one can account for the 
high G/N ratio only on the assumption of the formation of considerable dextrose 
from fatty acid 

The respiratory quotient m muscular exercise, starvation or in one-sided feeding 
with fat, protein or carbohy^drate, and after pancreatomy, forms the material of 
the third lecture In spite of the low respiratory quotient m fasting diabetic 
animals, exercise in the form of shivering can definitely raise it almost as much 
as 111 normal animals In connection with human and phlorizin diabetes, the work 
of the Lusk school particularly is analy^zed, criticized and ultimately^ lined up m 
favor of Macleod’s theory of the formation of dextrose from fatty acid Direct 
proof of the latter seems to be available in the experiments on depancreatized 
dogs given injections of epinephrine, when much more dextrose was excreted 
under well controlled conditions than could possibly^ be accounted for by the pre- 
vailing nitrogen metabolism, the breakdown of all the glycogen in the liver and 
muscles, and the dextrose derivable from glycerol 

The last lecture deals with some of the possible intermediary'’ products of 
carbohydrate metabolism, such as acetaldehyde, dihy droxyacetone, fructose and 
methylglyoxal Of these, the most interesting to clinicians is dihydroxy'acetone 
which has been widely heralded as a substitute for dextrose m the diabetes of human 
beings The evidence presented in this chapter clearly dispels any such illusions 
and shows that, like so many other carbohydrates, dihydroxy acetone is first 
converted into dextrose and utilized neither more nor less than the latter m 
animals with diabetes 

This lolume has its chief value as a logical critique of much of the prevailing 
work on carbohydrate metabolism, especially since it comes from the hands of 
one who is himself one of the masters in that branch of science It is made 
attractive reading by its clear shle, beautiful type, excellent detailed table of 
contents and exhaustive modern bibliography, not to speak of the short but com- 
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plete index It is to be highl}’- recommended to both clinicians and laboratory 
men as a source of information and logical reasoning 

Th\roxine By Edward C Kendall, M S , Pii D , D Sc , The Maj’^o Founda- 
tion, Rochester, Minn Price, $5 SO Pp 265, with an index and a bibliography 

of 541 titles New York The Chemical Catalog Compaity, 1929 

This IS a useful monograph on the phi^siology and pathology of the thyroid 
gland with particular emphasis on the history of the chemical isolation of the active 
th 3 Woid hormone, thjwoxin The emphasis on the chemical phase comes naturally 
from the author. Dr E C Kendall, who has done valuable work on the isolation 
of the hormone The long list of references will be useful to physicians and 
investigators who want to go more deeply into the controversial phases of the 
problem of the thjTOid gland than Dr Kendall has done in the present work 
The book is clearlj' written and is therefore easy reading Here and there the 
author goes far afield in speculation, but usually he indicates to the reader that 
he IS on speculative ground Dr Kendall states that “thyroxine bridges the gap 
between living protoplasm and the expression of what may be called personality 
or temperament Thyroxine has a definite place in the study of normal and 
abnormal mental processes ” The phenomena usually designated by the terms 
personality or temperament are not as j'et clearlv enough defined to be treated 
profitably in a biochemical monograph The author further states that “the 
theoretical deductions in this monograph have been largely based on three con- 
tributions the clinical classification of the goiter and the use of iodine in exoph- 
thalmic goiter bj" Plummer , the isolation of thyroxine , and the extensive studies 
on basal metabolism in relation to thyroxine and th 3 roid diseases as carried out 
b 3 Boothb 3 ’- and his co-workers ” In other w'ords, the theoretical deductions reflect 
largelv on the view's and practices in the field of study of the thyroid gland repre- 
sented by the Mavo Clinic Important as the contributions to physiology, bio- 
chemistr 3 '’, patholog 3 ' and therapy from the Mayo Clinic are, these by no means 
constitute the w'hole story of functions and malfunctions of the thyroid gland as 
known today It is useful, how'ever, to have the standpoint of the Mayo 
Clinic clearly and concisely in one monograph 

Clinical Aspects or the Electrocardiograph By Harold E B Pardee 

Second edition Price, §5 50 Pp 242 New' York Paul B Hoeber, 1928 

This edition of Dr Pardee’s book contains revisions and additions which 
bung the subject matter up to date It is written in the same clear style which 
characterized his first edition and which makes it one of the most readable books 
on the subject in English If there is any unfavorable criticism, it lies in the 
author’s tendency to be, perhaps, too dogmatic about some of the alterations in 
the cardiograph curves under pathologic conditions These assertions are rare, 
however, and are perhaps warranted on the basis of clarity for the average user 
of the book As the author has intimated, the increasing availability of cardiograph 
records and know'ledge concerning them make just such a book as this worth 
while for the library of any internist or general practitioner 

What You Should Know About Hi art Diseast By Harold E B Pardee 

Price, §1 50 Pp 120 Philadelphia Lea & Febiger, 1928 

This IS a little manual developed along the lines of some of the manuals 
for diabetic patients except that it is meant for persons interested in heart disease 
as w'ell as for cardiac patients As to the advisability of having such a work 
available there can be little doubt, and this one meets the need so adequatel 3 ' that 
even though readable by lay persons it could w'dl serve beginning students in 
medicine for w'hom it was not primarily intended Obviously, it should be used in 
' selected cases’’ only when the danger of adding a cardiac neurosis to an existing 
organic circulatory disease is not present It is a surprisingly complete manual for 
its size Aim} practitioners should welcome it 
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BRO^CHIAL Asthma — Its Diagrosis and Treatment By Harry L 
Alexander Price, S2 25 Pp 171 Philadelphia Lea & Febiger, 1928 

The purpose of this book is to present an outline of bronchial asthma The 
bibliography correlates the older work with the new, and in this way brings 
many of the early important studies to the attention of the reader The factors 
which underlie an asthmatic paroxysm, the anatomic structures which participate 
in an attack, the fundamental questions of etiology and the treatment of the disease 
are well discussed The chapter on treatment takes up all the modern methods of 
therapy in a concise manner, and the references are sufficient to allow a detailed 
study if desired The book is well written 
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